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COPOLYMER INCLUDING BETANE UNITS 
AND HYDROPHOBC AND/OR 

AMPHIPHILIC UNITS, METHOD FOR 
PREPARING SAME AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is the U.S. National Phase Application of 
International Application No. PCT/EP2008/054024, filed 
Apr. 3, 2008, which claims the benefit of French Application 
No. FR 0702497, filed Apr. 5, 2007. 

FIELD OF THE INVENTION 

A subject matter of the present invention is a copolymer 
exhibiting betaine units and hydrophobic and/or amphiphilic 
units. The present invention also relates to a process for the 
preparation of a copolymer exhibiting betaine units and 
hydrophobic and/or amphiphilic units by controlled micellar 
polymerization. The present invention also relates to uses of 
the copolymer. The copolymer makes it possible in particular 
to increase the viscosity of Saline aqueous compositions. 

BACKGROUND 

Industry uses numerous rheology-modifying agents, in 
particular thickening agents, in varied compositions. These 
agents are generally chosen so as to be able to thicken a given 
composition and to confer, on said composition, a specific 
rheological behavior, for example a certain threshold, a vis 
coelasticity, a thixotropy, a shear-thinning behavior, a heat 
thickening behavior, a newtonian behavior, a non-newtonian 
behavior, and the like. 

Use is frequently made, among thickening agents, of poly 
mers. A great variety of them exist and the choice is generally 
made of a polymer Suited to the composition whose rheology 
is to be modified, in order to confer the desired properties on 
it, if appropriate by physical and/or chemical interaction with 
other compounds. Many polymers are thus used in cosmetic 
compositions to confer, on the compositions, an appropriate 
stability and/or a viscosity and a texture which are appreci 
ated by consumers. Some compositions can exhibit a high 
ionic strength and/or comprise a large amount of salts. In the 
construction and civil engineering field, attempts are often 
made to modify the Viscosity of compositions or fluids, in 
particular in underground uses, where the presence of liquids 
may be a hindrance, in particular in tunnel construction, dig 
ging and/or excavation operations. Many fluids are employed 
in the field of the exploitation of oil and/or gas fields and are 
either prepared outside the geological formation being 
exploited or are formed in the formation with a liquid present 
in the formation. Fluids are thus used in particular during 
drilling, stimulation and production operations. These fluids 
very often require a highly specific rheology, with a greater 
viscosity than that of water. These issues are known in this 
field. The fluids may exhibit a high ionic strength and/or 
comprise relatively large amounts of salts; they can in par 
ticular be based on seawater or brines present in the geologi 
cal formations. 

There exists a constant need for novel polymers which can 
vary the rheological properties of different fluids, in particu 
lar in the presence of salts and/or at a relatively high ionic 
strength. It should be noted that it is generally important for 
the polymers to be stable in the fluid or of controllable stabil 
ity, that is to say for them not to separate from the other 
constituents, so that in particular the rheological properties 
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2 
are retained for the desired time. It should also be noted that 
it is sometimes important for the rheological properties to be 
obtained under specific conditions, for example under severe 
conditions of temperature and/or pressure. This may be the 
case in particular for fluids employed in certain underground 
operations, for example in the context of the exploitation of 
oil and/or gas fields. This can also be the case in the context of 
the use of Some industrial manufacturing processes. 

Copolymers comprising units comprising a betaine group 
are known. 
The document U.S. Pat. No. 6,346,588 (SKW) describes 

terpolymers of from 1 to 75 mol % of units deriving from a 
sulfobetaine, from 5 to 79% of units deriving from acryla 
mide (AM) and from 20 to 94% of units of hydroxyethyl 
methacrylate (HEMA) type. All these units are hydrophilic 
units. The terpolymers exhibit thickening effects on saline 
media. 
The documents U.S. Pat. No. 4,742,135, U.S. Pat. No. 

4,650,848 and/or U.S. Pat. No. 4,882,405 (Exxon) describe 
terpolymers of from 1 to 30 mol % of units deriving from a 
sulfobetaine, from 70 to 95% of units deriving from acryla 
mide (AM) and from 0.1 to 5% of hydrophobic units deriving 
from alkylacrylamide. The polymerization is carried out in 
the presence of large amounts of surfactant (SDS) not making 
it possible to obtain groups of the hydrophobic units. Further 
more, the polymerization proves to be difficult to reproduce. 
The terpolymers exhibit thickening effects on saline media. 
The document U.S. Pat. No. 4,788,247 (Exxon) describes 

terpolymers of from 1 to 30 mol % of units deriving from a 
sulfobetaine, from 70 to 95% of units deriving from acryla 
mide (AM) and from 0.1 to 5% of hydrophobic units deriving 
from an ethoxylated alcohol acrylate. The polymerization is 
carried out in the presence of large amounts of Surfactant 
(SDS) not making it possible to obtain groups of the hydro 
phobic units. Furthermore, the polymerization proves to be 
difficult to reproduce. The terpolymers exhibit thickening 
effects on Saline media. 
The documents U.S. Pat. No. 4,607,076 and/or U.S. Pat. 

No. 5,153,289 (Exxon) describe copolymers of units deriving 
from a sulfobetaine and of units deriving from vinylpyrroli 
done (VP). All these units are hydrophilic units. The copoly 
mers exhibit thickening effects on Saline media. 
The documents U.S. Pat. No. 4,585,846, U.S. Pat. No. 

4,822,847 and/or U.S. Pat. No. 4,708,998 (Exxon) describe 
copolymers of units deriving from a Sulfobetaine having a 
special structure and of units deriving from vinylpyrrolidone 
(VP). All these units are hydrophilic units. The copolymers 
exhibit thickening effects on Saline media. 
The document U.S. Pat. No. 6,284.854 (Biocompatibles) 

describes copolymers of from 10 to 50 mol % of units deriv 
ing from sulfobetaines and from 50 to 90% of hydrophobic 
units. These copolymers are used as biocompatible coatings. 
The polymerizations are carried out in Solution, which does 
not make it possible to obtain groups of the hydrophobic 
units. 
The document “Hydrophobically Modified Acrylamide 

Based Polybetaines. I. Synthesis, Characterization and 
Stimuli-Responsive Solution Behavior. M. Johnson et al., 
Journal of Applied Polymer Science, Volume 92, Issue 1, pp. 
647-657 (2004), describes terpolymers of units deriving from 
certain sulfobetaines, of acrylamide and of N-butylpheny 
lacrylamide (BPAM). The terpolymers are prepared by 
micellar polymerization. The polymerization is carried out in 
the presence of large amounts of surfactant (SDS) not making 
it possible to obtain significant groups of the hydrophobic 
units (value of n of 2.1). 
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Micellar radical polymerization processes which make it 
possible to polymerize, in a hydrophilic macromolecular 
chain, units deriving from hydrophobic monomers are also 
known. 
The documents U.S. Pat. No. 4,831,092 and/or U.S. Pat. 

No. 4,835,234 (Exxon) describe a process for the micellar 
polymerization of certain monomers. The process is carried 
out batchwise. 
The documents EP 1 250360 and/or U.S. Pat. No. 417,268 

(Hercules) describe a process for the micellar polymerization 
of certain monomers. These documents describe a series of 
special stages for the preparation of the reaction medium but 
the polymerization is carried out batchwise. 

The document WO99/03895 (Rhodia) describes a process 
for the micellar polymerization of certain monomers. The 
process comprises the prior preparation of a starting charge 
comprising hydrophilic monomers and micelles of hydropho 
bic monomers. A solution of initiator and another Solution 
comprising other hydrophilic monomers and micelles of 
hydrophobic monomers are then added continuously. 

The need remains for novel polymers exhibiting modified 
properties, in particular: 

good stability at a relatively high ionic strength, in particu 
lar a relatively saline medium, 

good thickening power for media comprising a relatively 
high ionic strength, in particular saline media, indeed 
even highly saline media, 

good retention of the stability and/or thickening at rela 
tively high temperature, and/or 

a thickening power at low contents of polymer, 
an improved combination and/or compromise of at least 
two of these properties. 

A need also remains for processes for the preparation of 
copolymers which are improved and/or which can exhibit at 
least one of the properties mentioned above. 

SUMMARY OF THE INVENTION 

The invention satisfies at least one of the needs expressed 
above by providing a copolymer comprising: 

a macromolecular chain A comprising units A2 comprising 
a betaine group, the betaine group comprising a cationic 
group and an anionic group, and optionally other hydro 
philic units Ale. 

at least one group B of hydrophobic units B (B) and/or 
amphiphilic units B (B), 

provided that, if the group B comprises only hydrophobic 
units (B), then the numbern, of hydrophobic units in the 
group B is greater than or equal to 2.6, preferably greater than 
or equal to 3, preferably greater than or equal to 5, preferably 
greater than or equal to 10. 
The invention also provides a process for the preparation of 

a copolymer comprising: 
units. A comprising a betaine group, the betaine group 

comprising a cationic group and an anionic group, and 
optionally other hydrophilic units A, and 

at least one group B ofhydrophobic units B (B) and/or 
amphiphilic units B (B), 

said process being a process comprising the following stages: 
a) an aqueous fluid B is prepared 

the aqueous fluid B comprising: 
at least one ethylenically unsaturated monomer B which 

is hydrophobic (B) and/or amphiphilic (B 
and 

amph). 
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4 
optionally a Surfactant, 
with the condition that, if the monomer B is a hydropho 

bic monomer B, then the aqueous fluid B com 
prises a Surfactant, 

the monomer B being included in micelles of surfactant 
and/or of amphiphilic monomer B. 

with at least one of the following conditions: 
the number n of monomers in the micelles is greater 

than 2.6, preferably greater than or equal to 3, prefer 
ably greater than or equal to 5, preferably greater than 
or equal to 10, and/or 

the ratio in moles of the surfactant to the monomer B is 
less than or equal to 28, preferably less than or equal 
to 20, preferably less than or equal to 15, preferably 
less than or equal to 10, preferably less than or equal 
to 7, and/or 

the ratio by weight of the surfactant, if it is present, to the 
monomer B is less than or equal to 30, preferably less 
than or equal to 20, preferably less than or equal to 15, 
preferably less than or equal to 10, preferably less 
than or equal to 7, 

b) polymerization is carried out by bringing together, in an 
aqueous medium: 

the micelles of the aqueous fluid B, 
monomers A2 or Az, and optionally other hydro 

philic monomers A, these monomers being in solu 
tion in the aqueous medium, the monomers A2 being 
monomers comprising a betaine group, the monomers 
Azbeing monomers comprising a group capable 
of being used to form betaine groups A2 by a reaction 
Subsequent to the polymerization, and 

a source of free radicals, and 
c) optionally, if monomers A2 have been employed 
during stage b), the units deriving from these monomers are 
reacted so as to form betaine groups Az. 
The invention also relates to the copolymer capable of 

being obtained by the process. 
The invention also provides uses of Such copolymers, in 

particular as agent for modifying the rheology, in particular as 
thickening agent, of an aqueous solution, in particular of a 
solution with a relatively high ionic strength. The invention 
also relates to a process for modifying, in particular thicken 
ing, aqueous compositions, in particular those with a rela 
tively high ionic strength, which can in particular comprise 
salts, by addition of the copolymer. 
The invention also relates to aqueous compositions com 

prising the copolymer and preferably also compounds which 
increase the ionic strength, in particular salts. 
The invention also relates to fluids, in particular fluids 

employed in the exploitation of oil and/or gas fields, compris 
ing Such copolymers and preferably also compounds which 
increase the ionic strength, in particular salts. The invention 
also relates to processes employed in the exploitation of oil 
and/or gas fields comprising a stage in which a fluid as men 
tioned above is employed, for example a circulation or place 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts the Zimm plot obtained for the polymer of 
Example 1. 

FIG. 2 depicts the Zimm plot obtained for the polymer of 
Example 4. 
FIG.3 depicts the curves for elastic modulus (G') and loss 

modulus (G") (in Pa.s) as a function of the strain (“6strain’) 
for the dispersion corresponding to prescription 3 of Example 
10. 
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FIG. 4 depicts the cuvres for elastic modulus (G') and loss 
modulus (G") (in Pa.s) as a function of the strain (“6strain’) 
for the dispersion corresponding to prescription 4 of Example 
10. 

FIG. 5 depicts the curves for elastic modulus (G') and loss 
modulus (G") (in Pa.s) as a function of the strain (“6strain’) 
for the dispersion corresponding to prescription 5 of Example 
10. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Definitions 

In the present patent application, unit deriving from a 
monomer denotes, for the units other than the A2. 
units, a unit which can be obtained directly from said mono 
mer by polymerization. Thus, for example, a unit deriving 
from an acrylic or methacrylic acid ester does not cover a unit 
of formula —CH2—CH(COOH)— —CH2—C(CH) 
(COOH)– or -CH-CH(OH)—, respectively, for 
example obtained by polymerizing an acrylic or methacrylic 
acid ester or vinyl acetate, respectively, and by then hydro 
lyzing. A unit deriving from acrylic or methacrylic acid cov 
ers, for example, a unit obtained by polymerizing a monomer 
(for example an acrylic or methacrylic acid ester) and by then 
reacting (for example by hydrolysis) the polymer obtained so 
as to obtain units of formula —CH2—CH(COOH)— or 
—CH C(CH)(COOH)—. A unit deriving from a vinyl 
alcohol covers, for example, a unit obtained by polymerizing 
a monomer (for example a vinyl ester) and by then reacting 
(for example by hydrolysis) the polymer obtained so as to 
obtain units of formula —CH CH(OH)—. Units deriving 
from a monomer A may, for example, have been obtained by 
polymerization of monomers Az, followed by a post 
polymerization reaction in order to obtain units comprising 
the betaine group. The units A2 are not regarded as units 
deriving from monomers A2 not comprising a 
betaine group. 

In the present patent application, the term “hydrophobic' is 
used in its normal sense of “which does not have an affinity 
for water'; this means that the organic polymer of which it is 
composed, taken alone (with the same composition or the 
same molar mass), would form a two-phase macroscopic 
solution in distilled water at 25° C., at a concentration of 
greater than 1% by weight. 

In the present patent application, the terms “hydrophilic', 
“water-soluble' and “water-dispersable' are also used in their 
normal sense of “which has an affinity for water, that is to say 
is not capable of forming a two-phase macroscopic solution in 
distilled water at 25°C. at a concentration of greater than 1% 
by weight. 

Cationic or potentially cationic units A, is understood to 
mean units which comprise a cationic or potentially cationic 
group. Cationic units or groups are units or groups which 
exhibit at least one positive charge (generally in combination 
with one or more anions, such as a chloride ion, a bromide ion, 
a Sulfate group or a methyl Sulfate group), whatever the pH of 
the medium into which the copolymer is introduced. Poten 
tially cationic units or groups are units or groups which may 
be neutral or may exhibit at least one positive charge, accord 
ing to the pH of the medium into which the copolymer is 
introduced. In this case, reference will be made to potentially 
cationic units in the neutral form or in the cationic form. By 
extension, it is possible to speak of cationic or potentially 
cationic monomers. 

precursors 
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6 
Anionic or potentially anionic units A is understood to 

mean units which comprise an anionic or potentially anionic 
group. Anionic units or groups are units or groups which 
exhibit at least one negative charge (generally in combination 
with one or more cations, such as cations of alkali metal or 
alkaline earth metal compounds, for example sodium, or with 
one or more cationic compounds, such as ammonium), what 
ever the pH of the medium where the copolymer is present. 
Potentially anionic units or groups are units or groups which 
may be neutral or may exhibit at least one negative charge, 
according to the pH of the medium where the copolymer is 
present. In this case, reference will be made to potentially 
anionic units A in the neutral form or in the anionic form. By 
extension, it is possible to speak of anionic or potentially 
anionic monomers. 

Neutral units A is understood to mean units which do not 
exhibit a charge, whatever the pH of the medium where the 
copolymer is present. 

In the present patent application, unless otherwise indi 
cated, when reference will be made to molar mass, it will 
relate to the absolute weight-average molar mass, expressed 
in g/mol. This can be determined by aqueous gel permeation 
chromatography (GPC), by light scattering (LS or MALLS 
for an aqueous eluent), with an aqueous eluent or an organic 
eluent (for example formamide), according to the composi 
tion of the polymer. 

In the present patent application, unless otherwise men 
tioned, the amounts and proportions are indicated as active 
material (in contrast to diluted or dispersed material) and by 
weight. 

During a micellar polymerization, micelles comprising 
hydrophobic monomers (Bt) and/or amphiphilic mono 
mers (B) are formed in an aqueous fluid. The number of 
monomers in these micelles is recorded as n. The micelles 
can be micelles of a nonpolymerizable Surface-active com 
pound, with a hydrophobic monomer (B) and/or an 
amphiphilic monomer (B) included inside the micelles. 
The micelles can be composed of an amphiphilic monomer 
which forms micelles by self-association at the amount at 
which it is used, said micelles not additionally comprising 
hydrophobic monomer. The micelles can be composed of an 
amphiphilic monomer (B) which forms micelles by self 
association at the amount at which it is used, said micelles 
additionally comprising internally a hydrophobic monomer. 
The micelles can comprise a nonpolymerizable surfactant 
and an amphiphilic monomer (B), the combination of 
which makes it possible to form micelles (comicellization), 
said micelles not additionally comprising hydrophobic 
monomer. The micelles can comprise a nonpolymerizable 
surfactant and an amphiphilic monomer (B), the combi 
nation of which makes it possible to form micelles (comicel 
lization), said micelles additionally comprising internally a 
hydrophobic monomer(B). The number n, corresponds 
to the total number of hydrophobic monomers (Bt) in the 
micelle, when the micelle comprises only hydrophobic 
monomers (B-). 
The number n can be evaluated as taught in the document 

P. Kujawa, J. M. Rosiak, J. Selb and F. Candau, Macromo 
lecular Chem. & Physics, 202, 8, 1384-1397, 2001: 

monomer X Nag 
iH surfactant - CMC 
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where: 
monomer is the (molar) concentration of hydrophobic 
and/or amphiphilic monomer 

N is the aggregation number of the surfactant 
Surfactant is the (molar) concentration of Surfactant or the 
Sum of the molar concentrations of Surfactant and of 
amphiphilic monomer, if the latter participates in the 
formation of the micelle, 

CMC is the critical micelle concentration (molar) of the 
Surfactant or of the amphiphilic monomer or of the com 
bination of the amphiphilic monomer and of the surfac 
tant, if the Surfactant monomer participates in the for 
mation of the micelle. 

The critical micelle concentrations and the aggregation 
numbers are most often known in the literature. Alternatively, 
they can be evaluated by the protocol described in P. Becher, 
J. Colloid Sci., 16, 49, 1961. 

Mention is in particular made, as values of use in the 
determination of some n values, of 
Molar masses: 

Sodium dodecyl sulfate (“SDS''): MW SDS-288 g/mol 
Lauryl methacrylate=254 g/mol 

CMC and aggregation number of sodium dodecyl sulfate 
CMC SDS-0.007 mol/l=0.2% by weight 
NSDS-62 
Reference: “Remove detergent from protein samples’ 
TECHNICAL RESOURCE TROO19.O 

PIERCE, 3747 N. Meridian Road 
P.O. Box 117 
Rockford, Ill. 61105 
It may be considered that the number of hydrophobic and/ 

or amphiphilic units of a group B is equal on average to the 
number of monomers included in a micelle, said micelles 
being formed with implementation of a controlled micellar 
polymerization. However, it is not out of the question to carry 
out other types of polymerization, for example radical 
sequential polymerizations, preferably with at least 3 
sequences, preferably at least 5 sequences, in a controlled 
manner, the number n of monomers involved per macromo 
lecular chain during the relevant sequences being known. 
Copolymer 
The copolymer of the invention comprises: 
a macromolecular chain A comprising units A2 comprising 

a betaine group, the betaine group comprising a cationic 
group and an anionic group, and optionally other hydro 
philic units Ale. 

at least one group B of hydrophobic units (B) and/or 
amphiphilic units (Bt). 

If the group B comprises only hydrophobic units (B), 
then the number n of hydrophobic units in the group B is 
greater than or equal to 2.6, preferably greater than or equal to 
3, preferably greater than or equal to 5, preferably greater than 
or equal to 10. 
The macromolecular chain A is typically a linear macro 

molecular chain of the units comprising the betaine group and 
of the optional other hydrophilic units. This macromolecular 
chain is interrupted by (or interspersed with) groups B of 
hydrophobic and/or amphiphilic units. The groups B with the 
macromolecular chain A typically form a linear macromo 
lecular chain, referred to as a “complete chain'. Such a mac 
romolecular chain ("complete chain’) can typically be 
obtained by controlled micellar polymerization. The number 
of units of the groups B is recorded as n. This number can be 
varied according to the process chosen and the operating 
conditions chosen (in particular by the amounts and ratios of 
the monomers used and/or by the natures, amounts and ratios 
of Surfactants used during the polymerization process). The 
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8 
number of groups B can also be varied according to the 
process chosen and operating conditions chosen (in particular 
by the amounts and ratios of the monomers and/or initiators 
used and/or by the natures, amounts and ratios of surfactants 
used during the polymerization process). 
The units A2 comprising a betaine group and optionally the 

other hydrophilic units A preferably form a macromo 
lecular chain A comprising a polyalkylene hydrocarbon chain 
optionally interrupted by one or more nitrogen or Sulfur 
atoms (such atoms may not interrupt the macromolecular 
chain). The complete chain preferably forms a macromolecu 
lar chain comprising a polyalkylene hydrocarbon chain 
optionally interrupted by one or more nitrogen or Sulfur 
atoms (such atoms may not interrupt the macromolecular 
chain). The optionally interrupted polyalkylene hydrocarbon 
chain is comparable to a backbone of the macromolecular 
chains, said macromolecular chains generally comprising 
pendant (side) groups of the various units, in particular 
betaine groups. 
The groups B. generally in a number greater than or equal 

to 2 (there are several), can typically interrupt the macromo 
lecular chain A in a random fashion. Thus, along the complete 
chain, the groups B, separated by the units constituting the 
macromolecular chain A, can be more or less spaced out from 
one another, the distribution of the spacings being typically 
random. It should be noted that groups B can be present at the 
end of the complete chain. However, this is not particularly 
desirable and often the groups B will not be present at the end 
of the complete chain (more than 50% by weight of the 
complete chains do not comprise groups B at the chain end). 
The number of groups B can in particular be greater than or 

equal to 2, preferably greater than or equal to 3, for example 
greater than or equal to 5 or even 10. The complete chain can 
in particular thus resemble a multiblock chain with a block 
number greater than or equal to 4, preferably greater than or 
equal to 5, preferably greater than or equal to 6, for example 
greater than or equal to 9 or 10 or 11, or even greater than or 
equal to 19 or 20 or 21. 
The macromolecular chain A is typically water-soluble, 

that is to say that a polymer composed solely of the units of the 
macromolecular chain A, without the groups B, with a similar 
average molecular weight (for example obtained under the 
same polymerization conditions, in particular with even an 
initiator/monomers ratio with the same operating conditions), 
would be water-soluble (at 25°C. and at 1% by weight). 
The number n is preferably less than 100, preferably less 

than 50, preferably less than 25. It can, for example, be 
between 3 and 50, preferably between 5 and 30, for example 
between 10 and 25. 
Units A2 
The betaine group of the units A2 comprises an anionic 

group and a cationic group. The anionic group can in particu 
lar be a carbonate group, a Sulfur-comprising group, such as a 
Sulfonate group, a phosphorus-comprising group, Such as a 
phosphate, phosphonate or phosphinate group, or an ethano 
late group. Preferably, it is a Sulfonate group. The cationic 
group can be an onium group or an inium group of the nitro 
gen, phosphorus or Sulfur family, for example an ammonium, 
pyridinium, imidazolinium, phosphonium or Sulfonium 
group. Preferably, it is an ammonium group (preferably a 
quaternary ammonium group). The betaine group can in par 
ticular be a sulfobetaine orphosphobetaine or carboxybetaine 
group. The copolymers comprising a carboxybetaine group 
generally exhibit high contents of counterions (salts present, 
related to the process for the preparation of these groups); 
thus the synthesis thereof may be rendered less practical 
and/or the effectiveness thereof may be reduced. Advanta 



US 8,637,622 B2 
9 

geously, the betaine group is a Sulfobetaine group comprising 
a Sulfonate group and a quaternary ammonium group. It 
should be noted that it would not be departing from the scope 
of the invention to combine several different betaine groups, 
by combining several different units A2 in the copolymer. 

The betaine groups are typically pendant groups of the 
copolymer, typically obtained from monomers comprising at 
least one ethylenic unsaturation. 

Within the units A, the number of positive charges is equal 
to the number of negative charges. The units A2 are electri 
cally neutral, in at least one pH range. 

Useful betaine groups can be represented, in the case of the 
cations of the nitrogen family, by the following formulae (I) to 
(V), exhibiting a cationic charge at the center of the functional 
group and an anionic charge at the end of the functional 
group, and the following formula (VI), exhibiting an anionic 
charge at the center of the functional group and a cationic 
charge at the end of the functional group: 

in which formulae (I) to (IV): 
the symbols R', Rand R, which are alike or different, 

represent an alkyl radical comprising from 1 to 7 
carbon atoms, preferably 1 or 2 carbon atoms, 

the symbols R and R represent hydrocarbon radicals 
forming, with the nitrogen atom, a nitrogenous het 
erocycle optionally comprising one or more other 
heteroatoms, in particular of nitrogen, 

the symbol R represents a hydrocarbon radical forming, 
with the nitrogen atom, a saturated or unsaturated 
nitrogenous heterocycle optionally comprising one or 
more other heteroatoms, in particular of nitrogen, 

the symbol R represents a linear or branched alkylene 
radical comprising from 1 to 15 carbon atoms, pref 
erably from 2 to 4 carbon atoms, optionally Substi 
tuted by one or more hydroxyl groups, or a benzylene 
radical, 

the symbol A represents S(=O)(=O), OP(=O)(=O), 
OP(=O)(OR), P(=O)(OR") or P(=O)(R'), where R' 
represents an alkyl radical comprising from 1 to 7 
carbon atoms or a phenyl radical, 

in which formula (V): 
the symbols R and R have the definitions given above, 
the symbol R", which is the same as or different from R' 

or R, represents an alkyl radical comprising from 1 to 
7 carbon atoms, preferably from 1 to 2 carbon atoms, 

the symbol A represents —O P(=O)—O—. 
In the case of cations of the phosphorus family, mention 

may be made of the betaine groups of formulae (VI) and 
(VII): 

(V) 

(VI) 

in which formula (VI) the symbols R', R. Rand Ahave the 
definitions given above, 

in which formula (VII): 
the symbols R', R. RandR have the definitions given 

above, 
the symbol A represents —O P(=O)—O—. 
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10 
In the case of cations of the sulfur family, mention may be 

made of the betaine groups of formulae (VIII) and (IX): 

S(R) R-A-O (VIII) 

in which formula (VIII) the symbols R', Rand A have the 
definitions given above, 

in which formula (IX): 
the symbols R, R and R have the definitions given 

above, 
the symbol A represents —O P(=O)—O—. 

The betaine groups can be connected to the carbonatoms of 
a macromolecular chain A of the copolymer via in particular 
a divalent or polyvalent hydrocarbon unit (for example an 
alkylene or arylene unit), optionally interrupted by one or 
more heteroatoms, in particular of oxygen or of nitrogen, an 
ester unit or an amide unit, or else by a valence bond. 
The copolymer can in particular be obtained by radical 

polymerization 
of monomers A comprising an ethylenically unsaturated 

betaine group, in particular of ethylenically unsaturated 
monomers carrying at least one betaine group of formu 
lae (I) to (IX) above, 

and of other monomers, comprising monomers B (mono 
mers Baland/or B) from which the hydrophobic 
units B (B) and/or amphiphilic units B (B) of 
the groups B will be derived, and optionally of other 
monomers A. from which the optional hydrophilic 
units A of the macromolecular chains A will be 
derived. 

Said monomers A can exhibit, by way of example: 
one or more mono- or polyethylenically unsaturated 

hydrocarbon radicals (in particular vinyl, allyl or styryl 
radicals, and the like), 

one or more mono- or polyethylenically unsaturated ester 
radicals (in particular acrylate, methacrylate or maleate 
radicals, and the like), and/or 

one or more mono- or polyethylenically unsaturated amide 
radicals (in particular acrylamido or methacrylamido 
radicals, or the like). 

The units A2 can derive from at least one betaine monomer 
A selected from the group consisting of the following mono 
CS 

alkylsulfonates or -phosphonates of dialkylammonioalkyl 
acrylates or methacrylates, -acrylamides or -methacry 
lamides, such as: 
Sulfopropyldimethylammonioethyl methacrylate, sold 
by Raschig under the name SPE: 

(SPE) 

GE) 

sulfoethyldimethylammonioethyl methacrylate and sul 
fobutyldimethylammonioethyl methacrylate: 
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le / e 
O 1 

O 

le / e 
O ~~~~?. s 

O 

the synthesis of which is described in the paper “Sulfo 
betaine Zwitterionomers based on n-butyl acrylate 
and 2-ethoxyethyl acrylate: monomer synthesis and 
copolymerization behavior”, Journal of Polymer Sci 
ence, 40, 511-523 (2002), 

Sulfohydroxypropyldimethylammonioethyl methacry 
late: 

(SHPE) 
O | " it e --- 

Sulfopropyldimethylammoniopropylacrylamide: 

S. 
O 

O -n-ne-n-r/ / A Yoe. 

the synthesis of which is described in the paper “Syn 
thesis and solubility of the poly(sulfobetaine)s and the 
corresponding cationic polymers: 1. Synthesis and 
characterization of sulfobetaines and the correspond 
ing cationic monomers by nuclear magnetic reso 
nance spectra'. Wen-Fu Lee and Chan-Chang Tsai, 
Polymer, 35 (10), 2210-2217 (1994), 

Sulfopropyldimethylammoniopropylmethacrylamide, 
sold by Raschig under the name SPP: 

(SPP) 

O 

J.-- G) h / \ ^ So 

Sulfopropyldimethylammonioethyl methacrylate, sold 
by Raschig under the name SPDA: 
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(SPDA) 

Yo-n-n-1N1 SO 
O 

sulfohydroxypropyldimethylam 
moniopropylmethacrylamide: 

(SHPP) 

CEO OH O 

ul- – O -N-n- s 
sulfopropyldiethylammonioethyl methacrylate: 

is a O 1n-'N-1- / 

the synthesis of which is described in the paper “Poly 
(Sulfopropylbetaines): 1. Synthesis and characteriza 
tion'. V. M. Monroy Soto and J. C. Galin, Polymer, 
1984, Vol. 25, 121-128, 

sulfohydroxypropyldiethylammonioethyl 
late: 

methacry 

heterocyclic betaine monomers, such as: 
sulfobetaines derived from piperazine: 

W O 

O O-(CH2)- GE) 1-14 
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-continued 

O O-(CH2) O 'S1a-1\4 
GE) e/ \, 

G 
GE) V/ 

-N1-a-s, 
the synthesis of which is described in the paper “Hydro 

phobically Modified Zwitterionic Polymers: Synthe 
sis, Bulk Properties, and Miscibility with Inorganic 
Salts'. P. Koberle and A. Laschewsky, Macromol 
ecules, 27, 2165-2173 (1994), 

Sulfobetaines derived from 2-vinylpyridine and 4-vi 
nylpyridine, such as 
2-vinyl-1-(3-sulfopropyl)pyridinium betaine (2SPV 

or “SPV), sold by Raschig under the name SPV: 

(SPV) 

\% 
S e o/ 

GE) 

O 
4-vinyl-1-(3-sulfopropyl)pyridinium betaine 

(4SPV), the synthesis of which is described in the 
paper "Evidence of ionic aggregates in some 
ampholytic polymers by transmission electron 
microscopy”. V. M. Castafio, A. E. González, J. 
Cardoso, O. Manero and V. M. Monroy, J. Mater. 
Res., 5 (3), 654-657 (1990): 

(4SPV) 

the synthesis of which is described in the paper “Aque 
ous solution properties of a poly(vinyl imidazolium 
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14 
sulfobetaine)”. J. C. Salamone, W. Volkson, A. P. 
Oison and S. C. Israel, Polymer, 19, 1157-1162 
(1978), 

alkylsulfonates or -phosphonates of dialkylammonio 
alkylallylics, such as sulfopropylmethyldiallylammo 
nium betaine: 

GO V/ 
1. N1\-1 s 

the synthesis of which is described in the paper “New 
poly(carbobetaine)s made from Zwitterionic dially 
lammonium monomers’. Favresse, Philippe and 
Laschewsky, Andre, Macromolecular Chemistry and 
Physics, 200(4), 887-895 (1999), 

alkylsulfonates or -phosphonates of dialkylammonio 
alkylstyrenes, such as: 

S 

GE) O 

VN-n% / noe 

/ O 

6 N-n/ e. 
(CH)-CH \, 

the synthesis of which is described in the paper “Hydro 
phobically Modified Zwitterionic Polymers: Synthe 
sis, Bulk Properties, and Miscibility with Inorganic 
Salts'. P. Koberle and A. Laschewsky, Macromol 
ecules, 27, 2165-2173 (1994), 

betaines resulting from ethylenically unsaturated anhy 
drides and dienes, such as: 

CoHo-CH=CH-CH=CH 

-N and 

l / e1-14 
/\ / So 
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-continued or alternatively: 

o- - (VPC) 
O O 5 

C.H.1 
GE / 
e-n-ré O 
/ \ / O O 

10 | l/ 
'N-1 n-1\- n1N1 en 

the synthesis of which is described in the paper “Hydro- Oe 
phobically Modified Zwitterionic Polymers: Synthe 
sis, Bulk Properties, and Miscibility with Inorganic 
Salts'. P. Koberle and A. Laschewsky, Macromol- 15 The synthesis of MPC and of VPC is described in EP 810 

s u • s 239 B1 (Biocompatibles, Alister et al.). ecules, 27, 2165-2173 (1994), The polymer according to the invention can also be 
phosphobetaines, such as: obtained in a known way by chemical modification of a 

polymer, referred to as precursor polymer, comprising units 
A2, which will be modified (betainized) by postpoly 
merization reaction to give units A2 exhibiting a betaine 
group. Thus, Sulfobetaine units can be obtained by chemical 
modification of units of a precursor polymer, preferably by 

O1n-'n 1N1\ / chemical modification of a polymer comprising pendant 
A M GE) \ amine functional groups, using a Sulfonated electrophilic 
6 Ye 25 compound, preferably a Sultone (propanesultone or butane 

Sultone) or a haloalkylsulfonate. 
A few synthetic examples are given below: 

(MPC) 20 

CH3 

C --y CEO 

h CH 
-cis-- 

SONa EO 
N 

C 
CE 

l 
H1 

-CH-C- 

SONa =o Oe 
GE) 2O + NaCl 

N 
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O 
M2O 
SS - CH-CH 

O CO2Ho 
- CH-CH- 1N1\- 

C 
CO2H O 

N 
NH 

- - - 
SONa CO2H)=0 

The main routes of access by chemical modification of a 
precursor polymer by Sultones and haloalkylsulfonates are 
described in particular in the following documents: 

“Synthesis and aqueous solution behavior of copolymers 
containing Sulfobetaine moieties in side chains, I. V. 
Berlinova, I. V. Dimitrov, R. G. Kalinova, N. G. 
Vladimirov, Polymer, 41,831-837 (2000) 

"Poly(sulfobetaine)s and corresponding cationic poly 
mers: 3. Synthesis and dilute aqueous solution proper 
ties of poly(sulfobetaine)s derived from styrene-maleic 
anhydride'. Wen-Fu Lee and Chun-Hsiung Lee, Poly 
mer, 38 (4), 971-979 (1997) 

"Poly(sulfobetaine)s and corresponding cationic poly 
mers. VIII. Synthesis and aqueous solution properties of 
a cationic poly(methyl iodide quaternized styrene-N,N- 
dimethylaminopropyl maleamidic acid) copolymer. 
Lee, Wen-Fu and Chen, Yan-Ming, Journal of Applied 
Polymer Science, 80, 1619-1626 (2001) 

“Synthesis of polybetaines with narrow molecular mass 
distribution and controlled architecture'. Andrew B. 
Lowe, Norman C. Billingham and Steven P. Armes, 
Chem. Commun., 1555-1556 (1996) 

“Synthesis and Properties of Low-Polydispersity Poly(sul 
fopropylbetaine)s and Their Block Copolymers', 
Andrew B. Lowe, Norman C. Billingham and Steven P. 
Armes, Macromolecules, 32, 2141-2146 (1999) 

Japanese patent application published on 21 Dec. 1999 
under the number 11-349826. 

The preparation of polyphosphonato- and phosphinatobe 
taines by chemical modification is reported in “New 
polymeric phosphonato-, phosphinato- and carboxybe 
taines”. T. Hamaide, Macromolecular Chemistry, 187, 
1097-1107 (1986). 
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Oe 
2O 

S-N-K. 

o 
le 2O + NaCl 

According to a preferred embodiment, the units A2 exhibit 
one of the following formulae: 

-(SPE)- 
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-(SHPE)- 

-(SHPP)- 

-(SPDA)- 
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carboxybetaine type (comprising a carboxybetaine group) of 
the following formulae: 

20 

2 
No. 

t 
-ch-- 

=o 
HN 

-N'- 

OEC 

O 

-cis-- 
CEO 

O 

-N'- 

O 

a O 
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-continued 
-(CHPE)- 

-(CHPP)- 

HO 

OC 

Units Ale. 
The macromolecular chain A can additionally comprise 

hydrophilic units A. These units are different from the 
units A2; they do not comprise betaine groups. The units 
A derive from monomers A The units. A can in 
particular comprise: 

neutral units. A deriving from neutral monomers Ax, 
cationic or potentially cationic units A, deriving from cat 

ionic or potentially cationic monomers A, 
anionic or potentially anionic units. A deriving from 

anionic or potentially anionic monomers A, 
mixtures or combinations of Such units. 
According to specific embodiments, the copolymer is Sub 

stantially devoid (it comprises less than 1 mol %, preferably 
less than 0.5 mol%, thereof and preferably does not comprise 
any at all thereof) of the following units: 

units A, and/or 
units A chosen from: 

alkoxylated units of following formula: 
CHRE X2 (CH, O), R' 

other other 

CH, CH, 

in which: 
R is a hydrogen atom or a methyl group, 
X is a group of formula—CO-O-, -CO. NH 

or —CH CH 
n is a whole or mean number of greater than or equal 

to 1, 
R’ is a hydrogen atom, an alkyl group or a 

tristyrylphenyl group, and/or 
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22 
hydroxylated units of following formula: 

- CH, CHR X. R 
in which: 
R is a hydrogen atom or a methyl group, 
X is a group of formula—CO-O-, -CO. NH 

or —CH CH 
R is a hydrocarbon group having at least two carbon 

atoms which comprises at least two —OH groups, 
preferably on two consecutive carbon atoms, and/ 
O 

hydroxyalkyl acrylate or methacrylate units. 
If the copolymer comprises hydrophilic units A, they 

will preferably be neutral units A, without anionic or poten 
tially anionic units A and/or without cationic or potentially 
cationic units A. 
Units Ay 
The units Awarehydrophilic neutral units. Mention may be 

made, as examples of hydrophilic neutral monomers Ax from 
which the units. A can derive, of 

hydroxyalkyl esters of C.B-ethylenically unsaturated 
acids, such as hydroxyethyl acrylate, hydroxyethyl 
methacrylate, hydroxypropyl acrylate, hydroxypropyl 
methacrylate, glycerol monomethacrylate, and the like, 

C.f3-ethylenically unsaturated amides, such as acrylamide 
(AM), methacrylamide, N-methylolacrylamide, dim 
ethylacrylamide, dimethylmethacrylamide, and the like, 

C.f3-ethylenically unsaturated monomers carrying a water 
Soluble polyoxyalkylene segment of the polyethylene 
oxide type, such as, if appropriate random or block, 
polyethylene oxide and/or polypropylene oxide O-meth 
acrylates (Bisomer S20W, S10W, and the like, from 
Laporte) or C.()-dimethacrylates, and the like, 

C.f3-ethylenically unsaturated monomers which are pre 
cursors of hydrophilic units or segments, such as vinyl 
acetate, which, once polymerized, can be hydrolyzed to 
produce vinyl alcohol units or polyvinyl alcohol seg 
ments, 

vinylactams, such as vinylpyrrolidone, 
C.f3-ethylenically unsaturated monomers of ureido type 

and in particular the methacrylamido of 2-imidazolidi 
none ethyl, optionally as a mixture (Sipomer WAM II 
from Rhodia), 

their mixtures or combinations. 
Units A, 
The units A, are cationic or potentially cationic units com 

prising 1, 2, 3 or more cationic or potentially cationic groups 
in the chain forming the backbone of the copolymer or, pref 
erably, in the side position with respect to the chain forming 
the backbone of the copolymer. 
The cationic units A are preferably units comprising at 

least one quaternary ammonium group. The potentially cat 
ionic units A, can be units comprising at least one tertiary 
amine group. 

Mention may be made, as examples of potentially cationic 
monomers A, from which the units A, can derive, of: 

()-(N,N-dialkylamino)alkylamides of C.B-monoethyleni 
cally unsaturated carboxylic acids, such as N,N-dim 
ethylaminomethylacrylamide or -methacrylamide, 2 
(N,N-dimethylamino)ethylacrylamide O 
-methacrylamide, 3-(N,N-dimethylamino)propyl 
acrylamide or -methacrylamide or 4-(N,N-dimethy 
lamino)butylacrylamide or -methacrylamide 

C. B-monoethylenically unsaturated aminoesters, such as 
2-(dimethylamino)ethyl acrylate (ADAM), 2-(dimethy 
lamino)ethyl methacrylate (DMAM), 3-(dimethy 
lamino)propyl methacrylate, 2-(tert-butylamino)ethyl 
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methacrylate, 2-(dipentylamino)ethyl methacrylate or 
2-(diethylamino)ethyl methacrylate 

vinylpyridines 
vinylamine 
vinylimidazolines 
precursor monomers of amine functional groups, such as 

N-vinylformamide, N-vinylacetamide, and the like, 
which generate primary amine functional groups by 
simple acidic or basic hydrolysis. 

Mention may be made, as examples of cationic monomers 
A from which the units A, can derive, of: 

ammoniumacryloyl or -acryloyloxy monomers, such as: 
trimethylammoniopropyl methacrylate chloride, 
trimethylammonioethylacrylamide or -methacrylamide 

chloride or bromide, 
trimethylammoniobutylacrylamide or -methacrylamide 

methyl sulfate, 
trimethylammoniopropylmethacrylamide methyl Sul 

fate (MES), 
(3-methacrylamidopropyl)trimethylammonium 

ride (MAPTAC), 
(3-acrylamidopropyl)trimethylammonium 
(APTAC), 

methacryloyloxyethyltrimethylammonium chloride or 
methyl sulfate, 

acryloyloxyethyltrimethylammonium chloride or acry 
loyloxyethyltrimethylammonium methyl sulfate 
(ADAMQUAT CI or ADAMQUAT MeS), 

methyldiethylammonioethyl acrylate methyl sulfate (AD 
AMQUAT MeS), 

benzyldimethylammonioethyl acrylate chloride or methyl 
sulfate (ADAMQUAT BZ80), 

1-ethyl-2-vinylpyridinium or 1-ethyl-4-vinylpyridinium 
bromide, chloride or methyl sulfate, 

N,N-dialkyldiallylamine monomers, such as N,N-dimeth 
yldiallylammonium chloride (DADMAC), 

the chloride of dimethylaminopropylmethacrylamide, 
N-(3-chloro-2-hydroxypropyl)trimethylammonium 
(DIQUAT chloride), 

the methyl sulfate of dimethylaminopropylmethacry 
lamide, N-(3-(methyl sulfate)-2-hydroxypropyl)trim 
ethylammonium (DIQUAT methyl sulfate), 

the monomer of formula: 

chlo 

chloride 

O 
H x 

----~. /- X O / V OH 

where X is an anion, preferably chloride or methyl sulfate. 
Mention may be made, as examples of potentially cationic 

monomers A, from which the units A, can derive, of: 
()-(N,N-dialkylamino)alkylamides of C.B-monoethyleni 

cally unsaturated carboxylic acids, such as N,N-dim 
ethylaminomethylacrylamide or -methacrylamide, 2 
(N,N-dimethylamino)ethylacrylamide O 
-methacrylamide, 3-(N,N-dimethylamino)propyl 
acrylamide or -methacrylamide or 4-(N,N-dimethy 
lamino)butylacrylamide or -methacrylamide 

C. B-monoethylenically unsaturated aminoesters, such as 
2-(dimethylamino)ethyl acrylate (ADAM), 2-(dimethy 
lamino)ethyl methacrylate (DMAM), 3-(dimethy 
lamino)propyl methacrylate, 2-(tert-butylamino)ethyl 
methacrylate, 2-(dipentylamino)ethyl methacrylate or 
2-(diethylamino)ethyl methacrylate 
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vinylpyridines 
vinylamine 
vinylimidazolines 
precursor monomers of amine functional groups, such as 

N-vinylformamide, N-vinylacetamide, and the like, 
which generate primary amine functional groups by 
simple acidic or basic hydrolysis. 

Units. A 
Mention may be made, as examples of anionic or poten 

tially anionic monomers A from which anionic or potentially 
anionic units. A can derive, of 
monomers having at least one carboxyl functional group, 

Such as C.f3-ethylenically unsaturated carboxylic acids 
or the corresponding anhydrides, such as acrylic acid, 
acrylic anhydride, methacrylic acid, methacrylic anhy 
dride, maleic acid, maleic anhydride, fumaric acid, ita 
conic acid, N-methacryloylalanine, N-acryloylglycine 
and their water-soluble salts, 

monomers which are precursors of carboxylate functional 
groups, such as tert-butyl acrylate, which produce, after 
polymerization, carboxyl functional groups by hydroly 
S1S, 

monomers having at least one sulfate or Sulfonate func 
tional group or a corresponding acid functional group, 
Such as 2-sulfooxyethyl methacrylate, vinylbenzene 
Sulfonic acid, allylsulfonic acid, 2-acrylamido-2-meth 
ylpropanesulfonic acid, Sulfoethyl acrylate or methacry 
late, Sulfopropyl acrylate or methacrylate, and their 
water-soluble salts, 

monomers having at least one phosphonate or phosphate 
functional group or a corresponding acid functional 
group, such as vinylphosphonic acid, and the like, eth 
ylenically unsaturated phosphate esters, such as phos 
phates derived from hydroxyethyl methacrylate (Empi 
cryl 6835 from Rhodia) and those derived from 
polyoxyalkylene methacrylates, and their water-soluble 
salts. 

Units B 
The units B are hydrophobic and/or amphiphilic units 

which can form groups B. They derive from monomers B. 
They canthus be amphiphilic units B. hydrophobic units 
B or a mixture or combination of such units. The units 

derive from amphiphilic monomers B and the Bamphi 
units B derive from monomers B. joisie 

Amphiphilic monomers are known to a person skilled in 
the art. They exhibit a polymerizable part, a hydrophilic part 
and one or more hydrophobic part(s). The polymerizable part 
is generally an ethylenically unsaturated group. The hydro 
philic part generally comprises poly(ethoxy and/or propoxy) 
units, preferably polyethoxy units, with a mean number of 
ethoxy and/or propoxy units preferably of greater than 2, 
preferably than 5, for example greater than 10. If propoxy and 
ethoxy groups are present, they can be arranged in random 
form or in the form of blocks. The hydrophobic part can be a 
hydrocarbon group comprising at least 3 carbon atoms, for 
example an alkyl, arylalkyl, alkaryl, arylalkylaryl or (pol 
yarylalkyl)aryl or terpenyl group. The monomer can in par 
ticular exhibit connecting groups between the various parts, 
in particular an—O or —COO or —CONH group or 
at least one urethane group (including groups derived from 
isocyanates, in particular groups generated from aromatic 
isocyanates, such as TDI). Useful amphiphilic monomers are 
the monomers often denoted as Surfactant monomers. 

Mention may be made, as examples of amphiphilic mono 
mers B. from which units B, can derive, of: 

acrylates or methacrylates of poly(ethoxylated and/or pro 
poxylated) C-Coaliphatic alcohols, the aliphatic part 

amphi 
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of which is, if appropriate, substituted by one or more 
hydroxyl(s), preferably at the end of the aliphatic group, 
for example Sipomer BEM from Rhodia (co-behenyl 
polyoxyethylene methacrylate, optionally as a mixture), 
Sipomer HPM100 from Rhodia or Plex 6877-O, 

acrylates or methacrylates of poly(ethoxylated and/or pro 
poxylated) polystyrylphenols, for example Sipomer 
SEM-25 from Rhodia (co-tristyrylphenyl polyoxyethyl 
ene methacrylate), 

acrylates or methacrylates of poly(ethoxylated and/or pro 
poxylated) alkylphenols. 

Mention may be made, as examples of hydrophobic mono 
mers B. from which units B can derive, of: 

vinylaromatic monomers, such as styrene, C.-methylsty 
rene, para-chloromethylstyrene, vinyltoluene, and the 
like, 

vinyl or vinylidene halides, such as vinyl chloride or 
vinylidene chloride, 

C-Clo, preferably C-C, alkyl esters of C. B-monoethyl 
enically unsaturated acids, such as methyl acrylate, ethyl 
acrylate, butyl acrylate, 2-ethylhexyl acrylate, isooctyl 
acrylate, lauryl acrylate, isodecyl acrylate, Stearyl acry 
late, methyl methacylate, ethyl methacrylate, butyl 
methacrylate, 2-ethylhexylmethacrylate, isooctyl meth 
acrylate, lauryl methacrylate, isodecyl methacrylate or 
Stearyl methacrylate, 

vinyl or allyl esters of Saturated carboxylic acids, such as 
vinyl acetate, allyl acetate, vinyl propionate, allyl pro 
pionate, vinyl versatate, allyl versatate, vinyl Stearate, 
allyl Stearate, and the like, 

C. B-monoethylenically unsaturated nitriles comprising 
from 3 to 12 carbon atoms, such as acrylonitrile, meth 
acrylonitrile, and the like, 

C-olefins, such as ethylene, propylene, and the like, 
conjugated dienes, such as butadiene, isoprene or chloro 

prene, 
their mixtures or combinations. 

Composition of the Copolymer 
The copolymer of the invention can exhibit a molar ratio of 

the units of the macromolecular chain A to the units of the 
groups B of between 1799 and 99.9/0.1, preferably between 
1/99 and 99/1, in particular between 50/50 and 99.9/0.1 or 
99/1. This molar ratio is even more preferably between 80/20 
and 99.9/0.1 or 99/1. It can in particular be between 90/10 and 
99/1 or between 90/10 and 95/5. The molar ratios and the 
proportions of each type of unit, chain or group can in par 
ticular be compared to the molar ratios and proportions of the 
monomers employed to prepare the units, chains or groups. 

According to a specific embodiment, the macromolecular 
chain A comprises only units A2. According to a specific 
embodiment, the macromolecular chain A comprises units A2 
and units A and/or A, but does not substantially comprise 
units A (that is to say, at most 1 mol%, preferably at most 0.5 
mol %, preferably at most 0.1 mol % and even 0%). 

According to a specific embodiment, the macromolecular 
chain A comprises units A and units A, for example units 
A and/or A, and/or A, in particular units A2 and A, with a 
molar ratio of the units A2 to the total of the units A of 
between 99/1 and 1799, for example between 90/1 and 10/90. 
This ratio can in particular be between 99/1 and 90/10, or 
between 90/10 and 80/20, or between 80/20 and 70/30, or 
between 70/30 and 60/40, or between 60/50 and 50/50, or 
between 50/50 and 40/60, or between 40/60 and 30/70, or 
between 30/70 and 20/80, or between 20/80 and 10/90, or 
between 10/90 and 1/99. 

The molar mass of the copolymer can, for example, be 
between 100 000 and 10 000 000 g/mol, preferably between 
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200 000 and 5000 000 g/mol, for example between 500 000 
and 3 000 000 or 4 000 000 g/mol. The polydispersity index 
can be relatively high, for example greater then 3, or eventhan 
4 for copolymers with relatively high masses. 
The average molar mass of a segment of macromolecular 

chain A (between two groups B) can, for example, be greater 
than 50 000 g/mol, preferably than 100 000 g/mol. 

It is mentioned that the copolymer can be provided in any 
practical form, for example in the dry solid form or in the 
vectorized form, for example in the form of a solution or of an 
emulsion or of a suspension, in particular in the form of an 
aqueous solution. The vectorized form, for example an aque 
ous solution, can in particular comprise from 5 to 50% by 
weight of the copolymer, for example from 10 to 30% by 
weight. The aqueous solution can in particular be a solution 
obtained by an aqueous-phase preparation process, in par 
ticular a controlled micellar polymerization process. It can 
comprise some of the compounds used in the preparation 
process, in particular a Surfactant, generally in a modest 
amount. 
Preparation Process 
The invention relates in particular to a process for the 

preparation of a copolymer comprising: 
units A2 comprising a betaine group, the betaine group 

comprising a cationic group and an anionic group, and 
optionally other hydrophilic units A, and 

at least one group B of hydrophobic and/or amphiphilic 
units B. 

The process is in particular appropriate for the preparation 
of the copolymers as described above. The process can con 
stitute an alternative description of the copolymers; there is 
thus no complete commitment to the description of the 
copolymers described above, in particular as regards their 
architecture (ways in which the various units are distributed 
or arranged). Everything which has been indicated above as 
regards the natures, the amounts and the ratios of the units 
which can be present in the copolymer or as regards the 
natures, the amounts and the ratios of the monomers from 
which they can derive can be applied to the process of the 
invention and will not always be repeated below. It should be 
noted that, if monomers Azare used, the molar ratios 
and amounts given for the units. A can be applied during the 
process. That which has been indicated as regards the 
arrangement of the units in the copolymer of the invention can 
optionally be applied to the process of the invention and will 
not always be repeated below. That which has been indicated 
as regards the molecular weights of the or in the copolymer of 
the invention can optionally be applied to the process of the 
invention and will not always be repeated below. 

Thus, the process of the invention is a process comprising 
the following stages: 
a) an aqueous fluid B is prepared 

the aqueous fluid B comprising: 
at least one ethylenically unsaturated monomer B which 

is hydrophobic (B) and/or amphiphilic (B 
and 

optionally a Surfactant, 
with the condition that, if the monomer B is a hydropho 

bic monomer B, then the aqueous fluid B com 
prises a Surfactant, 

the monomer B being included in micelles of surfactant 
and/or of amphiphilic monomer B. 

with at least one of the following conditions: 
the number n of monomers in the micelles is greater 

than 2.6, preferably greater than or equal to 3, prefer 
ably greater than or equal to 5, preferably greater than 
or equal to 10, and/or 

amph). 
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the ratio in moles of the surfactant to the monomer B is 
less than or equal to 28, preferably less than or equal 
to 20, preferably less than or equal to 15, preferably 
less than or equal to 10, preferably less than or equal 
to 7, and/or 

the ratio by weight of the surfactant, if it is present, to the 
monomer B is less than or equal to 30, preferably less 
than or equal to 20, preferably less than or equal to 15, 
preferably less than or equal to 10, preferably less 
than or equal to 7, 

b) polymerization is carried out by bringing together, in an 
aqueous medium: 

the micelles of the aqueous fluid B, 
monomers A2 or Az, and optionally other hydro 

philic monomers A, these monomers being in solu 
tion in the aqueous medium, the monomers A being 
monomers comprising a betaine group, the monomers 
Azbeing monomers comprising a group capable 
of being used to form betaine groups A2 by a reaction 
Subsequent to the polymerization, and 

a source of free radicals, and 
c) optionally, if monomers Azis have been employed 
during stage b), the units deriving from these monomers are 
reacted so as to form betaine groups Az. 

Such a process is a process of controlled micellar polymer 
ization type. The presence of micelles can be determined in a 
way known to a person skilled in the art. 

It should be noted that, in the process, ifamphiphilic mono 
mers B (B) are employed in the absence of surfactant, 
then these monomers can be regarded as both monomers and 
Surfactants, the Surfactant/monomer ratios then being 
regarded as being equal to 1 (if the monomer B, is used in 
the absence of surfactant) or less than 1 (if the monomer 
B, is used in the presence of surfactant). 

Controlled micellar polymerization processes are known 
to a person skilled in the art. In particular, the polymerization 
of stage b) can be carried out in any way known to a person 
skilled in the art. In particular, the source of free radicals, the 
amount of free radicals, the steps for introducing the various 
compounds and fluids, the polymerization temperature and 
other operating parameters or conditions can be varied in a 
known and appropriate way. A few details or instructions are 
given below. 

According to a specific embodiment, the process com 
prises a polymerization of precursors of the units A2 and then 
a stage c) of postpolymerization modification. Such pro 
cesses are known to a person skilled in the art. Some were 
mentioned above, in the part relating to the units A2. 

It is believed that, during the controlled micellar polymer 
ization process, a radical polymerization of the water-soluble 
monomers (monomers A) takes place in the aqueous phase, 
forming macromolecular chains which comprise units deriv 
ing from the water-soluble monomers A and which carry free 
radicals propagating at the chain end. It is believed that these 
free radicals encounter, randomly and/or statistically, the 
micelles and then the polymerization reaction continues with 
the monomers of the micelle and then continues Subsequently 
with the water-soluble monomers of the aqueous phase. It is 
believed that, when the polymerization reaches the micelle, it 
randomly polymerizes all or a portion of the monomers of the 
micelle before repropagating in the aqueous phase, thus form 
ing, in macromolecular chains A of the water-soluble mono 
mers, groups of units deriving from the monomers included in 
the micelles (monomers B). It is thus believed that the number 
of units in the groups is Substantially equal (or within a 
margin of +25% by number, or even of +10% by number), on 
average, to the number of monomers included in the micelle. 
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Thus, it is believed that, if a large number of monomers is 
included in the micelle, then the groups will comprise a large 
number of units. It is believed and has been found, in particu 
lar, Surprisingly, that this has a significant influence on the 
properties of the copolymers. The size of the micelles of a 
surfactant and thus the ability of the micelles to comprise 
more or less large amounts of hydrophobic monomers is 
related in particular to the amount of the surfactant. It is 
believed and has been found, in particular, Surprisingly, that 
the lower the surfactant/monomer B ratio, the greater the 
amount of monomer B included in the micelles, and/or the 
greater the number of units B in groups B, and/or the more 
advantageous the effects as regards the rheological properties 
exhibited by the copolymer. This can in particular be reflected 
in terms of process and/or of structure by the number n 
defined above. It has in particular been found that the use of 
amphiphilic monomers B and/or the presence of amphiphilic 
units B provides advantageous effects as regards rheological 
properties. It is mentioned that, if amphiphilic monomers B 
are employed, these may make a contribution to the formation 
ofa micelle. If they are not combined with surfactant, they can 
self-form micelles. If they are combined with a surfactant, 
they can participate in the micellization (comicellization with 
the Surfactant) and/or simply enter the micelle. In the case 
where amphiphilic monomers B (B) are employed, a 
number n can be determined by the techniques of the litera 
ture by evaluating the aggregation number and the critical 
micelle concentration of the combination of the surfactant 

and of monomer B. Preferably, in the embodiment where 
amphiphilic monomers B are employed and/or in the case 
where units B, are present in the copolymer, the condi 
tions relating to the number n with these monomers or units, 
alone or in combination with a Surfactant, are adhered to (the 
amphiphilic monomer being ranked as Surfactant and also as 
monomer). 
The process of the invention can be a process of batch type, 

of semibatch type or even of continuous type. A process of 
semibatch type typically comprises a step of gradual intro 
duction of at least one monomer (comonomer), preferably of 
all the monomers (comonomers) into a reactor, without con 
tinuous departure of the reaction product, the reaction prod 
uct, comprising the polymer, being recovered all at once at the 
end of the reaction. 

Stage b) can be carried out batchwise, semibatchwise or 
even continuously. Stage a) can be carried out batchwise, 
semibatchwise or even continuously. If stage b) is of semi 
batch and/or continuous type, then stage a) can be carried out 
batchwise (with storage), semibatchwise (if appropriate with 
storage steps before introduction into the polymerization 
medium) or continuously (preparation followed directly by 
introduction into the polymerization medium). 
The operation can in particular be carried out in one of the 

following ways: 
stage a) batch, and 
stage b) batch, or 
stage a) continuous or semibatch, and 
stage b) semibatch, or 
stage a) batch, and 
stage b) semibatch. 
The processes where stage b) is carried out semibatchwise, 

in particular with a batch stage a), prove to be particularly 
effective and appropriate. They make it possible in particular 
to improve the uniformity of the composition of the copoly 
merand/or to prevent drifts in composition, in particular at the 
end of the reaction. 
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For example, stage b) can comprise the following stages: 
b1) an aqueous solution A comprising the monomers A or 
AZ and optionally a salt is prepared, 
b2) at least a portion of the aqueous solution A, at least a 
portion of the aqueous fluid B and at least a portion of the 
Source of free radicals are brought together, in order to form 
a reaction mixture, 
b3) polymerization is carried out by generating free radicals 
in the reaction mixture, preferably by heating, 
b4) if appropriate, the remaining portions of the aqueous 
solution A and/or of the aqueous fluid B and/or of the source 
of free radicals are added to the reaction mixture, it being 
possible for each to be added all at once or continuously. In 
the present patent application, the term “continuous’ covers 
gradual introductions (regular isolated introductions over a 
given time) or progressive introductions (progressive intro 
duction without halting over a given time). 

It should be noted that Some of the stages among stage a) or 
stages b1), b2) or b3) can be carried out simultaneously. Thus, 
the polymerization of stage b3) is continued during stage b4), 
if there is one. It is indicated that stages a) and b1) can be 
carried out simultaneously in a separate manner. 

Stages b2), b3) and b4) can be carried out in a device known 
as a reactOr. 

During stage b2), it is possible in particular to introduce all 
of the aqueous solution A and/or all of the aqueous fluid B 
and/or all of the source of free radicals. It is preferable not to 
introduce all of the aqueous fluid B and to introduce the latter 
continuously. It is preferable not to introduce all of the aque 
ous solution A and to introduce the latter continuously. 

During stage b2), a source of free radicals is brought 
together with at least a portion of the monomers of the aque 
ous solution A and at least a portion of the aqueous fluid B. 
The source of free radicals (all or a portion) may have been 
introduced beforehand into the aqueous solution A and/or 
into the aqueous fluid B. Alternatively, the source of free 
radicals (all or a portion) may have been introduced into the 
reactor where the aqueous Solution A and the aqueous fluid B 
are brought together, independently of the aqueous Solution A 
(all or a portion) and of the aqueous fluid B (all or a portion), 
for example during the formation of a vessel heel. 

It should be noted that the aqueous solution A and the 
aqueous fluid B can be premixed before being brought 
together with the source of free radicals. It is possible in 
particular to prepare the aqueous fluid B and the aqueous 
Solution. A separately and then to mix them. However, it is not 
out of the question to add the monomers A to the aqueous fluid 
B or to mix all the ingredients of the premix together (in this 
case, the aqueous fluid B and the aqueous solution A merge). 
According to one embodiment, it is possible, during stage 
b2), to bring together a portion of the premix with the source 
of free radicals (all or a portion) and to introduce the remain 
der of the premix during a stage b4). 
A few sequences which can be used are described in detail 

below. 
According to a sequence of batch type, the operation can be 

carried out in the following way: 
i) the aqueous fluid B is prepared (stage a) 
ii) the aqueous solution A is prepared (stage b1) 
iii) the aqueous fluid B and the aqueous Solution A are mixed 
and the whole of the mixture is introduced into the reactor (the 
mixing can be carried out in the reactor) 
iv) the source of free radicals, preferably a partially soluble 
initiator, is added (stage b2) 
V) polymerization is carried by out heating (stage b3). 

It should be noted that it is possible to begin to heat before 
the addition of the source of free radicals. 
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According to another sequence of batch type, the operation 

can be carried out in the following way: 
i) a vessel heel comprising the Source of free radicals is 
prepared in the reactor, preferably with water, 
ii) the aqueous fluid B is prepared (stage a) 
iii) the aqueous solution A is prepared (stage b1) 
iv) the aqueous fluid B and the aqueous Solution A are mixed 
and the whole of the mixture is introduced into the reactor (the 
mixing can be carried out in the reactor) (stage b2) 
iv) polymerization is carried out by heating. 

According to a sequence of semibatch type, the operation 
can be carried out in the following way: 
i) the aqueous fluid B is prepared (stage a) 
ii) the aqueous solution A is prepared (stage b1) 
iii) the aqueous fluid B and the aqueous solution A are mixed 
in order to obtain a premix (it is alternatively possible to 
prepare the premix directly, omitting stagei) and/or stage ii)) 
iv) a vessel heel comprising a portion of the premix and the 
source of free radicals is prepared in the reactor, preferably 
with water 
V) the polymerization is initiated by heating 
vi) the remainder of the premix is continuously added, while 
heating, so as to continue the polymerization, 
the source of free radicals being introduced into the premix 
(stage iii) or separately, in all or in part, into the vessel heel 
(stage iv), the remainder being optionally introduced during 
stage Vi). 

It should be noted that, alternatively to the premix, it is 
possible to introduce the aqueous Solution A and the aqueous 
fluid B separately (it being possible for the source of free 
radicals in particular to be then introduced into the aqueous 
fluid B and/or into the aqueous solution A, if the latter is 
introduced into the premix). 

According to another sequence of semibatch type, the 
operation can be carried out in the following way: 
i) the aqueous fluid B is prepared (stage a) 
ii) the aqueous solution A is prepared (stage b1) 
iii) the aqueous fluid B and the aqueous solution A are mixed 
in order to obtain a premix (it is alternatively possible to 
prepare the premix directly, omitting stagei) and/or stage ii)) 
iv) a vessel heel comprising water and optionally Surfactant is 
prepared in the reactor (the Surfactant can contribute to pre 
serving the micelles of the aqueous fluid B during the first 
addition to the reactor) 
V) the premix is added continuously, while heating, so as to be 
polymerized, the Source of free radicals being introduced into 
the premix or separately, in all or in part, into the vessel heel 
(stage iv), the remainder being optionally introduced during 
stage V). 

It should be noted that it is possible to begin to heat before 
the introduction of the premix. 

It should be noted that, alternatively to the premix, it is 
possible to introduce the aqueous Solution A and the aqueous 
fluid B separately (it being possible for the source of free 
radicals in particular to be then introduced into the aqueous 
fluid B and/or into the aqueous solution A, if the latter is 
introduced into the premix). 
Surfactants 
Any Surfactant capable of forming micelles in water can be 

used. Employing the Surfactant is of particular use in the 
formation of micelles if the monomers B are solely hydro 
phobic monomers B. The surfactant is generally used, in 
particular for the polymerization in the absence of monomers 
But, at a concentration greater than the critical micelle 
concentration. Use may in particular be made of at least one 
anionic, nonionic, amphoteric (including Zwitterionic) or cat 
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ionic Surfactant or a mixture or a combination of these. Use 
may preferably be made of anionic or nonionic Surfactants. 

Use may in particular be made of the conventional anionic 
Surfactants chosen in particular from alkyl Sulfates, such as 
Sodium lauryl Sulfate, alkylsulfonates, alkylaryl Sulfates, 
alkylarylsulfonates, such as Sodium dodecylbenzene 
Sulfonate, aryl Sulfates, arylsulfonates, ethoxylated alkyls, 
ethoxylated alkylaryls, sulfated or phosphated ethoxylated 
alkyls or ethoxylated alkylaryls or their salts, SulfoSuccinates, 
alkali metal alkyl phosphates, salts of hydrogenated or non 
hydrogenated abietic acid, or fatty acid salts, such as sodium 
Stearate. 

Use may in particular be made of the conventional anionic 
Surfactants chosen in particular from ethoxylated and/or pro 
poxylated alcohols, ethoxylated and/or propoxylated fatty 
acids, block copolymers of polyethylene oxide and of 
polypropylene oxide, and the like. 

It should be noted that the reaction medium can in particu 
lar comprise an organic or inorganic salt. The latter can, for 
example, be introduced into the aqueous solution A. The salt 
can facilitate the maintenance in solution of the copolymer 
obtained, in particular if it exhibits a high molar mass, or 
improve the maintenance in and/or the introduction into the 
micelles of the monomers B (in particular B). Mention is 
in particular made, as salts which can be used, of salts having 
an alkali metal, an alkaline earth metal or an ammonium (for 
example NH) cation and having a halogen, a phosphate, a 
Sulfate or a nitrogen oxide anion. Mention is made, for 
example, of sodium chloride or sodium sulfate or ammonium 
sulfate. 
Polymerization 
Any source of free radicals can be used. It is possible in 

particular to generate free radicals spontaneously, for 
example by increasing the temperature, with appropriate 
monomers, such as styrene (monomer B). It is possible to 
generate free radicals by irradiation, in particular by UV 
irradiation, preferably in the presence of appropriate UV 
sensitive initiators. It is possible to use initiators or initiator 
systems of radical or redox type. The source of free radicals 
may or may not be water-soluble. It may be preferable to use 
water-soluble initiators or at least partially water-soluble ini 
tiators (for example, soluble in water to at least 50% by 
weight). 

Generally, the higher the amount of free radicals, the more 
easily the polymerization is initiated (it is promoted) but the 
Smaller the molecular weights of the copolymers obtained. 
Use may in particular be made of the following initiators: 
hydrogen peroxides, such as: tert-butyl hydroperoxide, 
cumene hydroperoxide, t-butyl peroxyacetate, t-butyl 
peroxybenzoate, t-butyl peroxyoctoate, t-butyl peroxy 
neodecanoate, t-butyl peroxyisobutyrate, lauroyl peroX 
ide, t-amyl peroxypivalate, t-butyl peroxypivalate, 
dicumyl peroxide, benzoyl peroxide, potassium persul 
fate or ammonium persulfate, 

aZo compounds, such as: 2,2'-aZobisisobutyronitrile, 2,2'- 
aZobis(2-butanenitrile), 4,4'-aZobis(4-pentanoic acid), 
1,1-azobis(cyclohexanecarbonitrile), 2-(t-butylazo)-2- 
cyanopropane, 2,2'-azobis-(2-methyl-N-1,1-bis(hy 
droxymethyl)-2-hydroxyethylpropionamide, 2,2'- 
azobis 2-methyl-N-(hydroxyethyl)propionamide, 2,2'- 
azobis(N,N'-dimethyleneisobutyramidine) dichloride, 
2,2'-aZobis(2-amidinopropane) dichloride, 2,2'-aZobis 
(N,N'-dimethyleneisobutyramide), 2,2'-azobis-(2-me 
thyl-N-1,1-bis(hydroxymethyl)-2-hydroxyethyl)pro 
pionamide, 2,2'-azobis-(2-methyl-N-1,1-bis 
(hydroxymethyl)ethylpropionamide, 2,2'-azobis(2- 
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32 
methyl-N-(2-hydroxyethyl)propionamide 
azobis(isobutyramide) dihydrate, 

redox systems comprising combinations, such as: 
mixtures of hydrogen peroxide, alkyl peroxide, peresters, 

percarbonates and the like and of any iron salt, titanous 
salt, zinc formaldehydesulfoxylate or sodium formalde 
hydesulfoxylate, and reducing Sugars, 

alkali metal or ammonium persulfates, perborates or per 
chlorates, in combination with an alkali metal bisulfite, 
Such as sodium metabisulfite, and reducing Sugars, and 

alkali metal persulfates in combination with an arylphos 
phinic acid. Such as benzenephosphonic acid and others 
of a like nature, and reducing Sugars. 

The polymerization temperature can in particular be 
between 25°C. and 95°C. The temperature can depend on the 
source of free radicals. If it is not a source of UV initiator type, 
it will be preferable to operate between 50° C. and 95°C., 
more preferably between 60° C. and 80° C. Generally, the 
higher the temperature, the more easily the polymerization is 
initiated (it is promoted), but the lower the molecular weights 
of the copolymers obtained. 
Uses—Compositions 
The copolymer of the invention can advantageously be 

used in an aqueous composition. The invention also relates to 
the compositions, preferably aqueous compositions, com 
prising the copolymer. In the aqueous compositions, it can be 
used as rheology-modifying agent, for example as thickening 
agent. The copolymer thus makes it possible in particular to 
increase the Viscosity of the compositions. 
The aqueous composition can additionally comprise ionic 

entities. Such as inorganic salts or organic salts, in particular 
salts of acids, it being possible for said salts to exhibit a 
Surfactant or non-Surfactant nature. The aqueous composition 
can in particular be a "saline' composition. The copolymer 
makes it possible in particular to increase the Viscosity of 
compositions comprising ions, in particular of saline compo 
sitions, in particular of compositions with a relatively high 
ionic strength, in particular of compositions comprising rela 
tively large amounts of salts, in particular of compositions 
based on Seawater or on brines. 
The ionic strength of the composition can be from low to 

high, depending on the application. It has been found that the 
copolymer can be effective as thickening agent at a Zero or 
low ionic strength and that it can Surprisingly remain effective 
at a high ionic strength. The ionic strength can, for example, 
beat least 0.7 mol/l, indeed even at least 1 or even2 mol/l. The 
composition can in particular comprise at least 35 g/l of a salt. 
The composition can in particular comprise at least one 

Surfactant, for example a surfactant employed during the 
preparation of the copolymer. The amount of Surfactant can 
be the amount introduced with the copolymer, if a surfactant 
was used during the preparation of the latter. However, it is 
not out of the question to add some of it. Preferably, the 
composition comprises at least 0.001% by weight, advanta 
geously at least 0.01% or 0.1% by weight, of surfactant, with 
respect to the copolymer. 
The total amount of Surfactant included in the composition 

can in particular vary according to the use of the composition. 
The total amount can range from the values indicated above to 
approximately 20%, for example typically from 5% to 15% or 
20%, for detergent compositions, in particular compositions 
for caring for the body intended to be rinsed out, such as 
shampoos and/or shower gels. 
The salts included in the composition can in particular be 

metal salts, in particular salts of alkali metals or alkaline earth 
metals, which are monovalent, divalent or polyvalent, accord 
ing to the Valences available for said metals. They can, for 

or 2,2'- 
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example, be NaCl, and/or NaBr, and/or CaCl2, and/or CaBr, 
and/or ZnBr, and/or, generally, more or less complex brines. 
The composition can in particular be a seawater or brine 
composition comprising the copolymer. 
The amount by weight of copolymer in the compositions 

can depend on the rheological behavior desired and/or on the 
thickening strength desired for the compositions, and on the 
optional presence of other compounds, in particular ionic 
compounds, such as salts. In practice, the amount by weight 
can in particular be greater than 0.01% by weight, with 
respect to the composition, for example greater than 0.1% by 
weight and often greater than or equal to 0.5% or 1%. The 
amount will generally be less than or equal to 20% by weight, 
preferably 10%. Advantageous thickenings can in particular 
be observed within ranges from 0.5% to 1% by weight, and/or 
from 1% to 2%, and/or from 2% to 3%, and/or from 3% to 4%, 
and/or from 4% to 5%. 
The composition can in particular be: 
a fluid used for the extraction of oil and/or gas, 
a fluid used in civil engineering, in particular for excava 

tion and/or digging operations, 
a household care composition, in particular a consumer 

product intended to be used in the private sphere, or a 
product having an industrial and/or institutional purpose 
generally intended to be used by cleaning services, for 
example a composition for cleaning textiles (detergent 
for washing machine or for cleaning by hand) or a com 
position for cleaning dishes in a dishwasher or by hand, 

a cosmetic composition, preferably intended to be rinsed 
out, such as a shampoo, a conditioner intended to be 
rinsed out, and/or a shower gel. 

In the compositions for household care or in cosmetic 
compositions in particular, the copolymer can provide a vis 
cosity and/or flow properties and/or a texture which are val 
ued by consumers. In cosmetic compositions comprising 
structured surfactant phases, the copolymer can provide an 
advantageous excess viscosity. 

Finally, it is mentioned that the fluid can be used as fluid for 
the removal of excavation products, in particular in the sectors 
of deep level construction, of the execution of tunnels or 
wells, in civil engineering, in the exploitation of oil and/or gas 
fields or in the mining sector. The excavation products in these 
applications are suspended in the fluid by introduction of the 
fluid into the area from where they have to be removed. The 
document U.S. Pat. No. 5,439,317 gives examples of appli 
cations of excavations. 
The compositions, whatever the field ofuse, can comprise 

dispersed liquid particles (emulsified droplets) or dispersed 
Solid particles. Liquid particles can, for example, be synthetic 
oils (for example silicone oils) or oils of vegetable or mineral 
origin. The solid particles can in particular be sand, density 
modifying particles, debris and/or polymeric particles. The 
copolymer can promote the Suspending of these particles 
during the time necessary for the use of the composition 
and/or during a storage time. It can also or alternatively con 
tribute to easy transportation of the particles, in order to 
position them at or to move them to an appropriate spot. 

It is mentioned that the composition can have a temperature 
ranging from 20° C. to relatively high temperatures, for 
example greater than or equal to 50° C., in particular greater 
than or equal to 70° C., in particular greater than or equal to 
100° C., in particular greater than or equal to 150° C. or even 
greater than or equal to 180° C. The pressure can be atmo 
spheric pressure or a greater pressure. The temperature and 
the pressure can vary according to the use which is made of 
the fluid and its environment. The copolymer can remain 
effective under conditions requiring relatively high tempera 
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tures, in particular in the fields of oil and/or gas extraction. 
Thus, the composition can be employed at the temperatures 
mentioned above. 
The fluid used for the extraction of oil and/or gas can in 

particular be: 
a drilling fluid, 
a completion fluid, 
a fracturing fluid, 
a gravel packing fluid, 
a production fluid, 
an enhanced oil recovery fluid. 
Such fluids, and the associated operations, are known to a 

person skilled in the art. It should be noted that the copolymer 
can be introduced into the fluid by mixing with a composition 
outside the formation or that it can be introduced beforehand 
into the formation and then be brought together with a com 
position in the formation and/or in the well, if appropriate 
gradually, in particular by techniques for compression in the 
formation and/or in the bottom of the well (techniques 
referred to as Squeeze treatments). After the compression, the 
copolymer can be gradually released into a circulating fluid. 

In the case of enhanced oil recovery fluids, the copolymer 
can contribute to providing the fluid with a viscosity and/or a 
rheology, under the conditions of temperature, of pressure 
and of chemical environment of the exploited formation, 
appropriate for forcing the oil out of the formation. It canthus 
improve the effectiveness of flushing, for example by pre 
venting and/or delaying the formation of preferred flow path 
ways in the formation. The copolymer furthermore exhibits a 
chemical stability suited to this use. 

In the context of fracturing fluids or gravel packing fluids, 
the control of the rheology of the fluids can make it possible 
to provide, first, for the transportation of particles (for 
example sand, ceramics, particles of polymers, for example 
based on polyamide, or gravel), thus preventing their sedi 
mentation. In this context, a viscosity of the order of 100 cp at 
a shear rate of 100s' and/or a yield point can be obtained. 
A few additional details with regard to the compositions 

(fluids) which can be employed in the context of the extrac 
tion of oil and/or gas and with regard to the associated opera 
tions are given below. 
The fluids, in particular fracturing fluids, can comprise at 

least onegas, such as air, nitrogen or carbon dioxide. They can 
also comprise liquefied gases, such as liquid carbon dioxide. 
The use of the copolymer of the invention can be advanta 

geous in a fracturing fluid and more particularly advanta 
geous at relatively high exploitation temperatures, of the 
order of 120° C. to 150° C. The pH is generally from 8 to 10 
and often greater than 9. Significant and/or rapid deteriora 
tions in the rheological properties, in particular in the Viscos 
ity and/or viscoelastic properties, which might render said 
fluid difficult to use, are not observed with a fluid comprising 
the copolymer. The fracturing operation can advantageously 
be a fracturing with carbon dioxide, in which liquid carbon 
dioxide is injected into the fracturing fluid. The use as frac 
turing fluid can advantageously be a use as fracturing fluid 
with carbon dioxide, the fluid comprising liquid carbon diox 
ide. 
The use of a fracturing fluid consists in injecting the fluid 

into the well at a flow rate, a pressure and a shear rate suffi 
cient to create cracks in the rocks traversed and thus to 
increase the permeability of the rocks comprising the oil or 
the gas. 

Fracturing techniques are described in particular in U.S. 
Pat. No. 5,551,516 and in “Oilfield Applications”, Encyclo 
pedia of Polymer Science and Engineering, vol. 10, pp. 328 
366. 
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The fracturing fluid generally comprises solid particles, the 
role of which is to keep open the cracks created during the 
fracturing operation. The particles are dispersed, for example 
in Suspension, in the fluid and transported into the cracks. 
They prevent the latter from reclosing when the pressure 
decreases in the rock, due to a decline, experienced or brought 
about, in Viscosity of the fluid or due to an intentional opera 
tion on the flow rate, the pressure or the shear rate. 
More particularly, these solid particles can be chosen from 

sand, quartZ, siliceous quartz, sintered bauxite, glass beads, 
ceramic beads, aluminum particles, nutshell fragments or 
polymer particles, in particular particles of thermoplastic 
polymer, for example polyamide-based particles. The particle 
size of these particles is typically 20-40 mesh. Usually, the 
amount of solid particles in the fluid is between 0.05 kg and 
0.5 kg, for example between 0.2 kg and 0.3 kg, of particles per 
liter of fracturing fluid. 

It should be noted that the fracturing fluids can comprise 
thermal stabilizing agents, such as, for example, Sodium thio 
Sulfates and thiosulfites, thiourea, methanol, ethylene glycol, 
isopropanol, and the like. 

If appropriate, the fracturing fluid can comprise an additive 
which limits the Swelling of clays, such as, for example, 
potassium chloride, calcium chloride, calcium sulfate (gyp 
Sum), and the like. Generally, the content of compounds of 
this type, when they are present, is between 1 and 4% by 
weight of the fluid. 

The fracturing fluid can, of course, comprise other compo 
nents conventionally used in the field, such as antifoaming 
agents or scale inhibitors. 
The use of the copolymer can be advantageous in a drilling 

fluid, in particular in the field of exploitation of oil or gas 
fields. 

In addition to the copolymer, the drilling fluids can com 
prise thinning or dispersing agents. 

Thus, polyphosphates, tannins, lignoSulfonates, lignin 
derivatives, peats and lignites, polyacrylates or polynaphtha 
lenesulfonates, alone or as a mixture, can participate in the 
composition of the drilling fluids. 
The amount of thinning or dispersing agent can vary. By 

way of indication, this amount can be between 0 and 1%, with 
respect to the weight of the fluid. 
The drilling fluid can furthermore comprise at least one 

fluid-loss additive. They are compounds which are adsorbed 
on the rocks constituting the walls of the well, for this reason 
limiting the diffusion through the walls of the boring of the 
various constituent components of the fluid. Mention may be 
made, as examples of compounds of this type, without the 
intention of being limited thereto, of cellulose compounds, 
polyacrylamides, polyacrylates of high molecular weight, 
Succinoglycans, native starch or its derivatives, or carbon. 
Among cellulose compounds, unmodified celluloses or 
chemically modified celluloses, such as carboxymethylcellu 
loses, hydroxyethylcelluloses or carboxyethylhydroxyethyl 
celluloses, are compounds suitable as fluid-loss additive. Of 
course, there is nothing to prevent these products from being 
employed in combination, if the conditions render it neces 
sary. The amount of fluid-loss additive generally depends on 
the nature of the rocks traversed. However, by way of indica 
tion, this amount can be between 0 and 1%, with respect to the 
total weight of the fluid. The drilling fluid can comprise an 
oxygen Scavenger. The object of this type of additive is to trap 
the oxygen present in the drilling muds which can damage 
Some additives. Mention may be made, among the products of 
this type, for example, of hydroxylamines, hydrazine, 
sulfites, bisulfites or dithionites. Preferably, use is made of 
hydrazine, which can be in an anhydrous or hydrated form, in 
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the form of salts, such as, for example, the chloride or sulfate, 
or also in the carbohydrazide form. Generally, the content of 
additive of this type varies between 0 and 0.25% by weight of 
the fluid. 
The drilling fluid can additionally comprise at least one 

weighting compound and/or at least one inorganic colloid. 
The weighting components contribute to maintaining a Suf 
ficient hydrostatic pressure in the well and to keeping in 
Suspension the rocks entrained during the drilling operation. 
Such compounds are conventionally chosen from the soluble 
salts mentioned above and salts which are sparingly or very 
sparingly soluble. Mention may be made, among salts which 
are sparingly soluble, without intending to be limited thereto, 
of Sulfates, silicates or carbonates of alkaline earth metals, 
Such as barium sulfate or calcium carbonate. Use may like 
wise be made of bromides of alkaline earth metals or of zinc, 
Such as potassium bromide or Zinc bromide. Use may also be 
made of iron oxides or sulfide or subarsenate. Use may also be 
made of strontium Sulfate, indeed even, in some cases of high 
density, of galena (lead Sulfide). 
The inorganic colloids, which are compounds Substantially 

insoluble under the conditions of use of the fluid according to 
the invention, are agents which modify the rheology of the 
medium and which make it possible to keep the cuttings in 
Suspension in the latter. Attapulgite, barite or bentonite, alone 
or as a mixture, are the most commonly used examples 
thereof. It should be noted that, if use is made of a fluid 
comprising an inorganic colloid, the latter will preferably be 
attapulgite. 
The contents of weighting compounds and of inorganic 

colloids depend on several factors which are not solely tech 
nical. This is because, while these contents are very clearly 
determined according to the nature of the ground through 
which the well passes, the scale of the cost generated by the 
use of these additives is taken into account (presence or not on 
the spot, cost and the like). 

It is also possible to add to the drilling fluid, if necessary, 
inorganic salts in order to promote the precipitation of certain 
ions, if they are present, in particular divalent ions. Mention 
may be made, for example, of the addition of sodium carbon 
ate, in order to precipitate calcium, or Sodium bicarbonate, in 
order to precipitate lime, in particular during redrilling opera 
tions in cement. Mention may also be made of the addition of 
gypsum or calcium chloride, in order to limit the Swelling of 
clays, or the addition of calcium hydroxide or slaked lime, in 
order to remove bicarbonates from muds contaminated by 
carbon dioxide. 
The content of salts depends on the rocks through which 

the well passes and on the water types available on the site of 
exploitation, and the operations can be carried out in the 
presence of fluids saturated with salts. 

Very clearly, the drilling fluid can comprise standard addi 
tives from the category of polysaccharides of high molecular 
weight, such as Succinoglycan, wellan or gellan, of use as 
Viscosifying agents. 

Other additives which are conventional in applications 
relating to the exploitation of oil and/or gas fields can partici 
pate in the composition of the fluid. Thus, mention may be 
made of agents for the transfer of free radicals, such as lower 
alcohols, thioureas or hydroquinone, biocides, chelating 
agents, surfactants, antifoaming agents or corrosion inhibi 
tors, for example. 

Other details or advantages of the invention will become 
more clearly apparent in the light of the examples below, 
without a limiting nature. 
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Other details or advantages of the invention may become 
apparent in the light of the examples which follow, without a 
limiting nature. 

EXAMPLES 5 

Example 1 

Poly(SPP/Lauryl Methacrylate) 97/3 Mol/Mol 
10 

The synthesis takes place in two stages: preparation of an 
aqueous mixture comprising the monomers, followed by 
copolymerization. 
Preparation of an Aqueous Mixture Comprising the Mono 
CS 15 

4.3 g of lauryl methacrylate, 81.8 g of a 30% sodium 
dodecyl sulfate (“SDS) solution, 461.6 g of water and 9.9 g, 
of sodium sulfate are added with magnetic stirring to a 1 liter 
glass beaker. Stirring is maintained until a clear micellar 
solution is obtained (mixture 1—aqueous fluid B). 161.2 g of 20 
SPP and 161.2 g of water are added with magnetic stirring to 
a 500 ml glass beaker. Stirring is maintained until a clear 
Solution is obtained (mixture 2-aqueous solution A). Mix 
ture 2 is Subsequently introduced into mixture 1 with mag 
netic stirring. Stirring is maintained until a clear micellar 25 
Solution is obtained (mixture 3). All these mixing stages take 
place at ambient temperature. 
Total volume=11 
in Lauryl methacrylate=0.017 mol 
in SDS=0.085 mol 30 
in SDS-cmc SDS=0.085-0.007x1=0.078 mol 
n=13.5 
Copolymerization: 

100 g of water are added to a jacketed 1 liter glass reactor 
equipped with a mechanical stirrer, with a reflux condenser 35 
and with regulation of temperature via a heating bath. The 
temperature of the reaction medium is brought to 80°C. while 
flushing with nitrogen. Mixture 3, over 3 h, and a solution of 
0.77 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10 g of water, over 4 h 15, are then added simulta- 40 
neously at 80° C. At the end of these additions, a solution of 
0.46 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10g of water is added over 3 h. The reaction medium 
is Subsequently cooled to ambient temperature. 

45 

Example 2 

Poly(SPP/Lauryl Methacrylate) 99/1 Mol/Mol 

The operation is carried out as in example 1. 50 
Preparation of an Aqueous Mixture Comprising the Mono 
mers (Mixture 3): 
The following are employed for mixture 1: 
1.5 g of lauryl methacrylate, 
54.5g of a 30% sodium dodecyl sulfate solution, 55 
469.6 g of water and 9.9 g of sodium sulfate. 
The following are employed for mixture 2: 
172.2 g of SPP and 172.2 g of water. 

Total volume=11 
in Lauryl methacrylate=0.006 mol 60 
in SDS=0.057 mol 
in SDS-cmc SDS=0.057-0.007x1=0.050 mol 
n. 7.4 
Copolymerization: 

100 g of water are added to a jacketed 1 liter glass reactor 65 
equipped with a mechanical stirrer, with a reflux condenser 
and with regulation of temperature via a heating bath. The 

38 
temperature of the reaction medium is brought to 80°C. while 
flushing with nitrogen. Mixture 3, over 3 h, and a solution of 
0.81 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10 g of water, over 4 h 15, are then added simulta 
neously at 80° C. At the end of these additions, a solution of 
0.48g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10g of water is added over 3 h. The reaction medium 
is Subsequently cooled to ambient temperature. 

Example 3 

Poly(SPP/Purified Plex 6877-O) 99/1 Mol/Mol 

The operation is carried out as in example 1. 
Preparation of an Aqueous Mixture Comprising the Mono 
mers (Mixture 3): 
The following are employed for mixture 1: 
9.3 g of Plex 6877-O purified by removal of the methyl 

methacrylate, 
4.1 g of a 30% sodium dodecyl sulfate solution, 
487.7 g of water. 
The following are employed for mixture 2: 
189.4 g of SPP and 189.4 g of water. 

Copolymerization: 
100 g of water are added to a jacketed 1 liter glass reactor 

equipped with a mechanical stirrer, with a reflux condenser 
and with regulation of temperature via a heating bath. The 
temperature of the reaction medium is brought to 80°C. while 
flushing with nitrogen. Mixture 3, over 3 h, and a solution of 
0.89 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10 g of water, over 4 h 15, are then added simulta 
neously at 80°C. At the end of these additions, a solution of 
0.53 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10g of water is added over 3 h. The reaction medium 
is Subsequently cooled to ambient temperature. 

Example 4 

Poly(SPP/Lauryl Methacrylate) 99/1 Mol/Mol 
Prepared in the Presence of 2 Parts by Weight of 

Heptane Per 1 Part by Weight of Lauryl 
Methacrylate 

This example is substantially similar to example 1 with 
partial replacement of the lauryl methacrylate by heptane. 
The operation is carried out as in example 1. 

Preparation of an Aqueous Mixture Comprising the Mono 
mers (Mixture 3): 
The following are employed for mixture 1: 
0.5g of lauryl methacrylate, 
1 g of heptane, 
54.5g of a 30% sodium dodecyl sulfate solution, 
469.6 g of water, 
9.9 g of sodium sulfate. 
The following are employed for mixture 2: 
172.2 g of SPP and 172.2 g of water. 

Total volume=11 
in Lauryl methacrylate=0.002 mol 
in SDS=0.057 mol 
in SDS-cmc SDS-0.057-0.007x1=0.050 mol 
in 2.5 
Copolymerization: 

100 g of water are added to a jacketed 1 liter glass reactor 
equipped with a mechanical stirrer, with a reflux condenser 
and with regulation of temperature via a heating bath. The 
temperature of the reaction medium is brought to 80°C. while 
flushing with nitrogen. Mixture 3, over 3 h, and a solution of 
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0.81 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10 g of water, over 4 h 15, are then added simulta 
neously at 80° C. At the end of these additions, a solution of 
0.48g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10g of water is added over 3 h. The reaction medium 
is Subsequently cooled to ambient temperature. 

Example 5 

Poly(SPP/Acrylamide/Lauryl Methacrylate) 
29.5/67.5/3 MOAMOFMC1 

The operation is carried out as in example 1. 
Preparation of an Aqueous Mixture Comprising the Mono 
mers (Mixture 3): 
The following are employed for mixture 1: 
3.9 g of lauryl methacrylate, 
73.1 g of a 30% sodium dodecyl sulfate solution, 
220.1 g of water and 5.4 g of sodium sulfate. 
The following are employed for mixture 2: 
57g of SPP and 57 g of water, 
63.5g of a 50% aqueous acrylamide solution. 

Total volume=0.5441 
in Lauryl methacrylate=0.015 mol 
in SDS=0.076 mol 
in SDS-cmc SDS=0.076-0.007x0.544=0.072 mol 
in 12.9 
Copolymerization: 

100 g of water are added to a jacketed 1 liter glass reactor 
equipped with a mechanical stirrer, with a reflux condenser 
and with regulation of temperature via a heating bath. The 
temperature of the reaction medium is brought to 80°C. while 
flushing with nitrogen. Mixture 3, over 3 h, and a solution of 
0.9 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10 g of water, over 4 h 15, are then added simulta 
neously at 80° C. At the end of these additions, a solution of 
0.54 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 10g of water is added over 3 h. The reaction medium 
is Subsequently cooled to ambient temperature. 

Example 6 

Comparative 

Poly(SPP/Lauryl Methacrylate) 97/3 Mol/Mol 

The synthesis takes place in two stages: preparation of an 
aqueous mixture comprising the monomers, followed by 
copolymerization. 
Preparation of an Aqueous Mixture Comprising the Mono 
CS 

3 g of lauryl methacrylate, 510 g of a 30% sodium dodecyl 
sulfate solution, 323.3 g of water and 6.9 g of sodium sulfate 
are added with magnetic stirring to a 1 liter glass beaker. 
Stirring is maintained until a clear micellar solution is 
obtained (mixture 1—aqueous fluid B). 112.9 g of SPP and 
112.9 g of water are added with magnetic stirring to a 500 ml 
glass beaker. Stirring is maintained until a clear Solution is 
obtained (mixture 2-aqueous solution A). Mixture 2 is Sub 
sequently introduced into mixture 1 with magnetic stirring. 
Stirring is maintained until a clear micellar solution is 
obtained (mixture 3). All these mixing stages take place at 
ambient temperature. 
Total volume=1.0841 
in Lauryl methacrylate=0.0118 mol 
in SDS=0.531 mol 
in SDS-cmc SDS=0.531-0.007x1084=0.523 mol 
n, 1.4 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

40 
Copolymerization: 
70 g of water are added to a jacketed 1 liter glass reactor 

equipped with a mechanical stirrer, with a reflux condenser 
and with regulation of temperature via a heating bath. The 
temperature of the reaction medium is brought to 80°C. while 
flushing with nitrogen. Mixture 3, over 3 h, and a solution of 
0.54 g of 2,2'-azobis(2-methylpropionamidine) dihydrochlo 
ride in 7 g of water, over 4h 15, are then added simultaneously 
at 80°C. At the end of these additions, a solution of 0.32 g of 
2,2'-azobis(2-methylpropionamidine) dihydrochloride in 7g 
of water is added over 3 h. The reaction medium is subse 
quently cooled to ambient temperature. 
The final product exhibits a viscosity similar to that of 

Water. 

Example 7 

Comparative 

Poly(SPE/Acrylamide/n-Octylacrylamide) 5/94/1 
Mol/Mol/Mol Prepared According to the Prior Art 

Example 1 of U.S. Pat. No. 4,742,135 (Exxon) is repro 
duced. 
470g of water, 12.1 g of acrylamide, 0.33 g of n-octylacry 

lamide, 15.8 g of sodium dodecyl sulfate and 2.45 g of SPE 
are added to a jacketed 1 liter glass reactor equipped with a 
mechanical stirrer, a reflux condenser and temperature regu 
lation by a heating bath. 
Total volume=0.51 
n-octylacrylamide=0.0018 mol 
in SDS=0.055 mol 
in SDS-cmc SDS-0.055-0.007x0.5=0.525 mol 
ne, 2.1 
The temperature of the reaction medium is brought to 50° 

C. while flushing with nitrogen. 0.01 g of potassium persul 
fate is then added at 50° C. Heating, stirring and nitrogen 
flushing are maintained for 24 h. The reaction medium is 
Subsequently cooled to ambient temperature. The final prod 
uct is analyzed by NMR and GPC. It does not exhibit polymer 
and exhibits no significant property. 

In order to attempt to obtain a polymer, the test is then 
continued beyond the teachings of the prior art: 
The reaction medium is then again placed under stirring and 
nitrogen flushing. The temperature of the medium is brought 
to 75°C. for 24 h. The resulting product still does not exhibit 
polymer. In order to continue, 0.1 g of potassium persulfate is 
added to the reaction medium and the temperature is main 
tained at 75° C. for 24 h while flushing with nitrogen. The 
final product has a yield of 100% of polymer and does not 
exhibit a significant property (the viscosity is evaluated by 
shaking; it is so low that it is pointless to measure it). 

Example 8 

Comparative Study on the Copolymer of Example 1 
and of Example 4 

The copolymers of examples 1 (n. 13.5) and 4 (n 2.5) 
are compared. Each copolymer is purified in Spectra Por?C) 
membranes, by dialysis against frequently replenished deion 
ized water for 2 weeks, in order to remove therefrom any other 
compound than the copolymers themselves (salts, SDS sur 
factant). The pure copolymer is Subsequently obtained in the 
powder form by drying, in an oven at 90° C., the offwhite 
dispersions obtained at the end of dialysis inside the mem 
branes. 



US 8,637,622 B2 
41 

Each copolymer is Subsequently dissolved in formamide, 
and static light scattering experiments provide the weight 
average molecular weights MW of the polymer chains Syn 
thesized, by virtue of the Zimm plot method. 

FIG. 1 represents the Zimm plot obtained for the polymer 
of example 1. 

FIG. 2 represents the Zimm plot obtained for the polymer 
of example 4. 
The range of concentrations by weight in which the static 

light scattering studies were carried out and the weight-aver 
age molecular weight measurement which results from the 
Zimm plot are given in table 1 below. It is seen that the 
copolymers have substantially the same weight-average 
molecular weight Mw, despite very different in values. 

TABLE 1. 

Molar fraction Range of 
of hydrophobic concentrations 

Reference units studied (wt %) Mw (kg/mol) 

Example 1 3% 0.25, 0.5, 1, 1.5 and 2 8SO SO 
Example 4 196 0.25, 0.5, 1, 1.5 and 2 95OSO 

The rheological performances of the copolymers of 
examples 1 and 4, which have a Substantially identical 
molecular weight but different n values, are Subsequently 
compared. 
A dispersion of each of the two copolymers of examples 1 

and 4 is prepared according to the following prescription: 
44.5g of deionized water 
2.92 g of sodium chloride NaCl 
2.50 g of dry purified copolymer 
0.10 g of sodium dodecyl sulfate (SDS) 

which corresponds to a concentration of salt of 1 mol/l and a 
concentration by weight of copolymer of 5%. 
The Solutions are stirred using a magnetic bar and are 

placed on a magnetic stirrer for 24 hours before their viscosity 
is measured, over a given range of shear gradients, using an 
AR2000 rheometer (TA Instruments, Surrey, United King 
dom) equipped with a geometry of cone-plate type (ra 
dius–60 mm; angle between plate and cone C. 2; gap 54 um; 
type of substrate: steel). The viscosity values at different 
shear gradients are given in table 2. 
The copolymer of example 1 with a high n value (= 13.5) 

exhibits viscosities ranging from several hundred to several 
thousand times the viscosity of pure water (1 cl); it is thus 
described as Viscous. 

The copolymer of example 4 with a low n value (-2.5) 
exhibits viscosities of the order of approximately ten cand 
is thus described as liquid. 

TABLE 2 

Reference Shear gradient(s) Viscosity (cP) 

Example 1 5 8OOO 
10 4000 
30 1600 
50 800 

Example 4 5 10 
10 10 
30 10 
50 10 
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Example 9 

Tests and Use 

The polymers, the syntheses of which are described in 
examples 1, 3 and 5, are used in different brines with the 
following compositions: 
NaBr (44.6%): density 1.5 (referenced NaBr) 
CaCl (23%)+CaBr, (33%): density 1.7 (referenced 
CaCl/CaBr) 

CaBr (23%)+ZnBr (53%): density 2.3 (referenced 
CaBr/ZnBr) 

The viscosities of the solutions of polymers in the brines 
are measured at a gradient of 100s' using an AR2000 rhe 
ometer (TA Instruments, Surrey, United Kingdom) equipped 
with a geometry of Couette type (internal radius-14 mm: 
external radius=15 mm and height=42 mm). 
The polymer of example 1 exhibits, in the NaBrbrine, an 

advantageous viscosity at 25°C. and at 90° C., in particular 
starting from a concentration by weight of 1.5-2% or more 
(see table 3). 

TABLE 3 

Polymer Concentration (%) Viscosity (25°C.) Viscosity (90° C.) 

Example 1 1.5 25 9.8 
Example 1 2 70 40 
Example 1 3 210 130 

The polymer of example 3 exhibits, in the NaBr brine and 
the CaCl/CaBr, brine, an advantageous viscosity at 25°C. 
and at 90° C., in particular from a concentration by weight of 
1-2% or more (see table 4). 

TABLE 4 

NaBr CaCl2/CaBr2 

Conc. Viscosity Viscosity Viscosity Viscosity 
Polymer (%) (25° C.) (90° C.) (25° C.) (90° C.) 

Example 3 1 15 3.5 27 12 
Example 3 2 79 31 82 31 
Example 3 3 284 177 257 86 
Example 3 5 617 551 875 395 

The polymer of example 5 exhibits, in the NaBr brine and 
the CaCl2/CaBrbrine, a viscosity advantageous in the appli 
cation, in particular from a concentration by weight of 0.5-1% 
or more. In the CaBr/ZnBr brine, a concentration of 0.14– 
0.5% by weight or more makes it possible to already obtain a 
satisfactory viscosity (see table 5). 

TABLE 5 

NaBr CaCl2/CaBr. CaBr2/ZnBr. 
Conc. Visco. (100s Visco. (100s Visco. (100s 

Polymer (%) 25° C.) (cP) 25°C.) (cP) 25° C.) (cP) 

Example 5 O.O7 f f 30.3 
Example 5 O.14 3.2 9.5 38 
Example 5 O.28 5.2 14.3 61 
Example 5 O.S6 15.3 40 173 
Example 5 1 119 3O4 998 

The introduction of the polymer of example 5 into a brine 
makes it possible to slow down the sedimentation of particles 
and thus to improve their transportation. 
The results presented in table 6 below are produced with a 

Suspension comprising 20% by Volume of sand particles 
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(supplied by Sifraco, reference BB 0.8/1.8), with a density of 
2.65 and a mean diameter of 1.2 mm, in a CaCl/CaBr, brine 
with a density of 1.7. 

TABLE 6 

Polymer concentration Sedimentation rate 
Polymer (% by weight) (cm/min) 

O 187 
Example 5 O.13 142 
Example 5 O.26 102 
Example 5 0.37 82 
Example 5 O48 62 
Example 5 O.65 30 
Example 5 O.81 16 
Example 5 O.90 8 
Example 5 1.00 2 

Example 10 

Evaluation of the Viscosity Under Dynamic 
Conditions—Measurement of G' and of G" 

The copolymer of example 1 (n=13.5) is studied under 
different conditions of salinity. Formulations of this copoly 
mer are prepared according to the prescriptions known as 
prescriptions 3, 4 and 5 below: 
Prescription 3 

57.4 g of deionized water 
2.50 g of dry purified copolymer 
0.10 g of sodium dodecyl sulfate (SDS) 
This prescription corresponds to a concentration of salt of 

C Omol/l and to a concentration by weight of copolymer 
of 5%. 
Prescription 4 
41.5g of deionized water 
5.86 g of sodium chloride NaCl 
2.50 g of dry purified copolymer 
0.10 g of sodium dodecyl sulfate (SDS) 
This prescription corresponds to a concentration of salt of 
C-2 mol/l and to a concentration by weight of copolymer 
of 5%. 
Prescription 5 

38.6 g of deionized water 
8.76 g of sodium chloride NaCl 
2.50 g of dry purified copolymer 
0.10 g of sodium dodecyl sulfate (SDS) 
This prescription corresponds to a concentration of salt of 

C 3 mol/l and to a concentration by weight of copolymer 
of 5%. 
The Solutions are stirred with a magnetic bar and placed on 

a magnetic stirrer for 24 hours before their elastic moduli (G') 
and loss moduli (G") are measured using an AR2000 rheom 
eter (TA Instruments, Surrey, United Kingdom), equipped 
with a geometry of cone-plate type (radius–60 mm; angle 
between plate and cone C-2: gap=54 um; type of substrate: 
steel), as a function of the strain (“/6 strain’) at a frequency set 
at 1 HZ at 25° C. 
The curves for G' and G" (in Pas) as a function of the strain 

(“% strain”) for the dispersions corresponding to the 3 pre 
Scriptions: prescription 3, prescription 4 and prescription 5. 
are shown respectively in FIGS. 3, 4 and 5 below. 

E. The formulations according to the 3 prescriptions are 
gels: the elastic modulus G' is constant and greater than the 
loss modulus G" over a relatively broad strain range ranging 
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up to 10 to 100%. Furthermore, the greater the level of salt, the 
greater the elastic modulus at a constant concentration of 
copolymer: 

for c, 0 mol/l (prescription 1), G' is approximately 10 
PaS 

for cy, 2 mol/l (prescription 2), G' is approximately 50 
PaS 

force 3 mol/l (prescription 3), G' is approximately 100 
PaS 

What is claimed is: 
1. A process for the preparation of a copolymer compris 

ing: 
a) preparing an aqueous fluid B comprising: 

at least one ethylenically unsaturated monomer B. 
wherein monomer B is hydrophobic (B) and/or 
amphiphilic (B), and 

optionally a Surfactant, 
wherein, if the monomer B is a hydrophobic monomer 
B, then the aqueous fluid B comprises a surfac 
tant, 

wherein monomer B is included in micelles comprising 
Surfactant and/or monomer B amphi 

wherein: 
the number of monomers in the micelles is greater 

than 2.6; 
the ratio in moles of the surfactant to the monomer B 

is less than or equal to 28; and/or 
the ratio by weight of the surfactant, if present, to the 
monomer B is less than or equal to 30 

b) carrying out a polymerization by combining in an aque 
ous medium: 
the micelles of the aqueous fluid B, 
monomers Azor Az, and optionally other hydro 

philic monomers A dissolved in an aqueous 
medium, 

wherein: 
monomers A comprise a betaine group, said betaine 

group comprising a cationic group and an anionic 
grOup, 

monomers AZ is comprise a precursor capable 
of forming betaine groups A2 by a reaction Subse 
quent to the polymerization, and 

a source of free radicals; and 
c) optionally converting A 

present. 
2. The process of claim 1, wherein the combined molar 

ratio of monomers A2, Azes, and Ale, to monomers B 
ranges from 1/99 to 99.9/0.1. 

3. The process of claim 1, wherein the molar ratio of the 
monomers A2 or Azes to monomers A ranges from 
99/1 to 1/99. 

4. The process of claim 1, wherein the betaine monomer AZ 
comprises: 

alkylsulfonates or phosphonates of dialkylammonioalkyl 
acrylates, methacrylates, acrylamides, or methacryla 
mides, 

heterocyclic betaine monomers, 
alkylsulfonates or phosphonates of dialkylammonioalky 

lallylics, 
alkylsulfonates or phosphonates of dialkylammonioalkyl 

styrenes, 
betaines resulting from ethylenically unsaturated anhy 

drides or dienes, 
phosphobetaines of formulae: 

to betaine groups A if precursor 

other 

other 
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O 1N1 ". N1(- 
o / e \ 

O 7 
N-1-1-o-No-1-N. 

Oe 

or mixtures thereof. 
5. The process of claim 1, wherein the betaine monomer A 

comprises: 

(SPE) 

GE) 9 N S-O 
O 1N1 n 

(SPP) 

O 
GE) / 

O -n-ren-y O 
O h /\ / 

(SHPE) 

| " Sulu's N SO 
O 1N1 N 

(SHPP) 

=o OH 
S-N- O N N S-O H1 nu-1N1 n 

(SPDA) 

le SO Y-o1N1 N-1N1''' 
O 

O 

mixtures thereof. 
6. The process of claim 1, wherein monomer A com 

prises neutral monomers A, cationic or potentially cationic 
monomers A, anionic or potentially anionic monomers A, 
or mixtures thereof. 

7. The process of claim 6, wherein monomer Aycomprises: 
hydroxyalkyl esters of C.f3-ethylenically unsaturated 

acids, 
C.f3-ethylenically unsaturated amides, 
C.f3-ethylenically unsaturated monomers comprising a 

water-soluble polyoxyalkylene segment, 
vinyl alcohol, 
vinylactams, 
C.f3-ethylenically unsaturated ureido monomers, or 
mixtures thereof. 
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8. The process of claim 6, wherein monomer Aycomprises: 
hydroxyethyl acrylate, hydroxyethyl methacrylate, 

hydroxypropyl acrylate, hydroxypropyl methacrylate, 
or glycerol monomethacrylate; 

acrylamide, methacrylamide, N-methylolacrylamide, 
dimethylacrylamide, or dimethylmethacrylamide: 

vinylpyrrolidone; 
the methacrylamido of 2-imidazolidinone ethyl, or 
mixtures thereof. 
9. The process of claim 6, wherein monomer A comprises: 
monomers comprising at least one carboxyl functional 

group or their water-soluble salts; 
monomers comprising at least one Sulfate or Sulfonate 

functional group or a corresponding acid functional 
group; 

monomers comprising at least one phosphonate or phos 
phate functional group or a corresponding acid func 
tional group; or 

mixtures thereof. 

10. The process of claim 6, wherein monomer A com 
prises: 

acrylic acid, acrylic anhydride, methacrylic acid, meth 
acrylic anhydride, maleic acid, maleic anhydride, 
fumaric acid, itaconic acid, N-methacryloylalanine, 
N-acryloylglycine, or their water-soluble salts; 

2-sulfooxyethyl methacrylate, vinylbenzenesulfonic acid, 
allylsulfonic acid, 2-acrylamido-2-methylpropane 
Sulfonic acid, Sulfoethyl acrylate or methacrylate, Sulfo 
propyl acrylate or methacrylate, and their water-soluble 
salts; 

vinylphosphonic acid or ethylenically unsaturated phos 
phate esters; or 

mixtures thereof. 
11. The process of claim 1, wherein hydrophobic monomer 

Bit comprises 
vinylaromatic monomers, 
vinyl halides, 
vinylidene halides, 
C-Clso alkyl esters of C.B-monoethylenically unsaturated 

acids, 
carboxylic acid vinyl esters, 
carboxylic acid allyl esters, 
C. B-monoethylenically unsaturated nitriles comprising 

from 3 to 12 carbon atoms, 
C-olefins, 
conjugated dienes, or 
mixtures thereof. 

12. The process of claim 11, wherein hydrophobic mono 
mer Ba comprises: 

styrene, C.-methylstyrene, para-chloromethylstyrene, or 
vinyltoluene; 

vinyl chloride or vinylidene chloride; 
methylacrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl 

acrylate, isooctyl acrylate, lauryl acrylate, isodecyl 
acrylate, Stearyl acrylate, methyl methacrylate, ethyl 
methacrylate, butyl methacrylate, 2-ethylhexyl meth 
acrylate, isooctyl methacrylate, lauryl methacrylate, iso 
decyl methacrylate, or Stearyl methacrylate; 

vinyl acetate, allyl acetate, vinyl propionate, allyl propi 
onate, vinyl versatate, allyl versatate, vinyl Stearate, or 
allyl Stearate; 

acrylonitrile or methacrylonitrile; or 
mixtures thereof. 
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13. The process of claim 1, wherein amphiphilic monomer 
ani, comprises: 
acrylates or methacrylates of polyethoxylated and/or 

polypropoxylated C-Co aliphatic alcohols, wherein 
the aliphatic portion is optionally substituted by one or 5 
more hydroxyl groups; 

acrylates or methacrylates of polyethoxylated and/or 
polypropoxylated polystyrylphenols: 

acrylates or methacrylates of polyethoxylated and/or 
polypropoxylated alkylphenols; or 

mixtures thereof. 
14. The process of claim 1, wherein aqueous fluid B com 

prises an anionic surfactant, nonionic surfactant, or mixtures 
thereof. 

15. The process of claim 14, wherein the surfactant com 
prises an alkylsulfate, an alkylsulfonate, an alkylarylsulfate, 
an alkylarylsulfonate, or mixtures thereof. 

16. The process of claim 1, wherein the step of carrying out 
a polymerization additionally comprises: 

b1) preparing an aqueous solution A comprising the mono 
mers A2 or Az, and optionally a salt, 

b2) combining at least a portion of the aqueous solution A, 
at least a portion of the aqueous fluid B, and at least a 
portion of the source of free radicals, 

b3) carrying out polymerization by generating free radicals 
in the reaction mixture, optionally with heating, and 

b4) combining any remaining portions of aqueous solution 
A. aqueous fluid B, and/or the source of free radicals, all 
at once or continuously. 

17. The process of claim 1, wherein the step of carrying out 
polymerization is semi-batchwise. 

18. The process of claim 17, further comprising: 
i) preparing aqueous fluid B; 
ii) preparing aqueous solution A: 
iii) mixing the aqueous fluid Band the aqueous solution A 

to obtain a premix: 
iv) preparing a vessel heel in a reactor, the vessel heel 

comprising a portion of the premix and the source of free 
radicals; 

V) initiating the polymerization by heating: 
Vi) adding continuously the remaining premix while heat 

ing; and 
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Vii) adding the source of free radicals, in all or in part, into 

the premix or into the vessel heel, wherein any remain 
ing portion of the source of free radicals is optionally 
added continuously during stage vi. 

19. The process of claim 17, wherein the process further 
comprises: 

i) preparing aqueous fluid B; 
ii) preparing aqueous solution A: 
iii) mixing the aqueous fluid B and the aqueous solution A 

to obtain a premix: 
iv) preparing a vessel heel in a reactor, the vessel heel 

comprising water and optionally surfactant; 
V) adding the premix continuously while heating; and 
Vi) adding the source of free radicals, it all or in part, into 

the premix or separately into the vessel heel, wherein 
any remaining portion of the source of free radicals is 
optionally added continuously. 

20. A method of thickening and/or modifying the rheology 
of an aqueous composition, comprising adding a copolymer 
made by the process of claim 1 to said aqueous composition. 

21. The method of claim 20, wherein the aqueous compo 
sition comprises a saline composition comprising at least 35 
g/L of a salt, or a composition based on seawater or brine that 
exhibits an ionic strength of at least 0.7 mol/L. 

22. The method of claim 20, wherein the aqueous compo 
sition is adapted for use as: 

a fluid for the extraction of oil and/or gas; 
a fluid for civil engineering, for excavation, and/or for 

digging operations; 
a household care composition; or 
a cosmetic composition. 
23. The method of claim 22, wherein the aqueous compo 

sition is a fluid adapted for the extraction of oil and/or gas 
comprising: 

a drilling fluid, 
a completion fluid, 
a fracturing fluid, 
a gravel packing fluid, 
a production fluid, or 
an enhanced oil recovery fluid. 
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